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A Review: On the Mechanism of Action of Certain 
‘Temporary Anticancer Agents 


Howarp E. Skipper 


(Southern Research Institute, Birmingham, Ala.) 


It has been said that “the bibliographer in 
cancer research is confronted with a monstrous 
and amorphous literature, controversial, often 
hastily ambitious, and frequently haunted by the 
ghosts of countless once-hopeful and dazzling 
hypotheses”’ (20). 

It is not the purpose of this short review to pro- 
vide another ghost, but rather to point to certain 
experimental results which suggest that there may 
be a degree of similarity in the actions of certain 
of the heterogeneous group of agents which possess 
unequivocal temporary anticancer activity in ex- 
perimental animals. 

There is as yet little convincing evidence re- 
garding the mechanisms by which certain sub- 
stances provide slight cytotoxic specificity for 
certain neoplastic tissue. It is sometimes assumed 
that the known cytotoxic anticancer agents pref- 
erentially damage rapidly metabolizing and divid- 
ing cells on a “‘quantitative differential” basis. 
Such an explanation fails to explain the lack of 
universality of certain tumor-inhibiting com- 
pounds. Also, the development of drug-resistant 
and drug-dependent strains of mouse leukemia 
(11, 30) suggests that “qualitative” differences 
may exist within a given population of neoplastic 
cells (28). ‘“‘Qualitative”’ differences in the catch-all 
sense intended refer to obscure differences some- 
where in the conglomeration of simultaneous 
chemical events leading to growth in the normal 
and neoplastic cell. It would, in fact, be difficult, 
without reverting to some refuge haunted by vital 
forces, to visualize the causes of the quantitative 
differentials (rate differences) between normal and 


Received for publication January 2, 1953. 


neoplastic cells without assuming some basic quali- 
tative differences, not necessarily in the better 
known metabolic pathways but perhaps withm 
catalytic or rate-determining systems or templates 
thereof. 


Rather extensive studies have now been carried» - 
out with regard to the gross anatomical distribu- ~~ 


tion of labeled chemotherapeutic agents in mice 
with various neoplasms. No evidence has been ob- 
tained which suggests that radioactive atoms from 
the following compounds are preferentially local- 
ized in the cancer cells which they inhibit: car- 
bonyl-labeled urethan (38), methylene-labeled 
urethan (38), methyl-labeled nitrogen mustard 
(39), 8-azaguanine-2-C" (4), 2,6-diamino- 
purine-2-C!*,! ring-labeled triethylene melamine,’ 
and. I'*!-labeled iodo-A-methopterin.* Nor have 
data yet been obtained which suggest that these 
agents localize (anatomically) in some particular 
organ or tissue and influence neoplastic growth by 
secondary effects. 

Since the observed alterations in the metabolism 
of neoplastic cells are quantitative, it becomes im- 
portant to consider the systems which “direct” the 
synthesis of cellular catalysts (enzymes). Control 
of the specificity of enzymes is now generally 
attributed to genes. It is possible that each gene 
imparts to the protein portion of an enzyme a 
composition and configuration essential to the 
action of that enzyme. Genes are now often con- 
sidered as nuclear or cytoplasmic nucleic acid 


1H. E. Skipper and C. C. Stock, unpublished data. 


2H. E. Skipper, L. L. Bennett, Jr., M. Bell, and L. Simpson, 
unpublished data. 


3 J. A. Johnson, Jr., and H. E. Skipper, unpublished data. 
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containing substances concerned with hereditary 
transmission of biochemical characteristics. 

Such nonspecific reasoning suggests that it is 
perhaps not too illogical to consider the metabo- 
lism of a possible gene moiety, nucleic acids, and 
chemically related biologic substances (nucleo- 
tides) as sites of primary action of certain tem- 
porary anticancer agents. 

However, in order to maintain a degree of 
objectivity, it should be pointed out that to date 
there is no direct and unequivocal evidence as to 
the role of nucleoprotein macromolecules in pro- 
tein or enzyme synthesis. The importance ascribed 
to nucleic acids in self-duplication processes ap- 


A considerable fund of knowledge has been ac- 
cumulated on the prevention of the growth in- 
hibitory effects of temporary anticancer agents in 
bacteria. Certain significant results on this subject 
are summarized in Table 1. 


REVERSAL OF THE Tumor INHIBITING ACTION OF 
CERTAIN ANTICANCER AGENTS 


Perhaps the most convincing manner of demon- 
strating the site of action of a compound which 
inhibits the growth of an experimental tumor is 
the simultaneous administration of a metabolite 
which will prevent or reverse the tumor inhibition. 

With perhaps one exception (A-methopterin), 


TABLE 1 


REVERSAL OF THE GROWTH-INHIBITORY EFFECTS OF CERTAIN 
ANTICANCER AGENTS IN MICROBIAL SYSTEMS 


Anticancer agent Reversal agent Microbial system Ref, 
4-Aminopteroylglutamic acids Folic acid S. faecalis R 36 
Citrovorum factor S. faecalis R 6 
Thymidine L. citrovorum 35 
Thymine+ purines S. faecalis R ” 
Cortisone L. citrovorum 16 
Urethan 2,6-Diaminopurine E. coli 48 
2,6-Diaminopurine riboside E. colt 48 
Formamidef 2,6-Diaminopurine E. coli 
2,6-Diaminopurine riboside E. coli t 
2,6-Diaminopurine Adenine, guanine, hypoxanthine L. casei 12 
Purine ribosides, and ribonucleotides 
Folic acid L. casei 25 
8-Azaguanine Guanine Tetrahymena gelei 26 
2,4-Diaminopyrimidines Folic acid L. casei 13 
Purines 


* G. P. Wheeler, unpublished data. 


t This compound has been shown to inhibit Sarcoma 180 (C. C. Stock, personal communication). 
tH. E. Skipper, F. M. Schabel, Jr., G. P. Wheeler, J. C. Garlington, and J. R. Thomson, unpublished data. 


pears to be the result of a priori reasoning and 
association. 

In the discussion that follows, an attempt has 
been made to review briefly certain experimental 
results relating the biochemical effects of a number 
of temporary anticancer agents to nucleotide 
metabolism.. Space does not permit even a brief 
review of the rapidly expanding current literature 
on nucleotide metabolism which is relevant to this 
discussion; rather, an attempt has been made to 
include only references having to do with the ef- 
fects of certain anticancer agents on these events. 


MIcROBIAL STUDIES 


One of the most useful procedures for elucidat- 
ing the site of the action of a growth inhibitor is 
inhibition analysis employing a suitable biological 
system. If it can be demonstrated that a metabo- 
lite prevents the growth inhibitory action of an 
agent, it is generally assumed that the inhibitor is 
affecting a series of chemical events in which the 
metabolite is involved. 


it has been impossible to achieve complete preven- 
tion of the anticancer activity of the well known 
tumor-inhibiting agents by administration of 
candidate reversal agents. This difficulty is under- 
standable when one considers the heterogeneous 
milieu which both antagonist and metabolite pass 
through en route to neoplastic cells in the intact 
animal. However, the data obtained to date, al- 
though not so extensive as those obtained in 
micro-organisms, are of considerable interest 


(Table 2). 


THE Errects of ANTICANCER AGENTS ON VIRUSES 

This is not a proper place to invoke the argu- 
ment as to the possible virus nature of neoplasia. 
However, it is well known that virus particles 
contain varying amounts of nucleoprotein, as do 
chromosomes and probably genes; therefore, it 1s 
of possible interest to summarize certain data on 
the antiviral activity of several anticancer agents 


(Table 3). 
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E¥rFrEcts OF CERTAIN ANTICANCER AGENTS ON 
de novo NucuEic Acip SYNTHESIS 
Tracer technics have made possible studies of 
the dynamics of anabolic and catabolic processes 
in the intact animal and the effects of therapy on 
such processes. 
Using C!*, Buchanan and his associates (8, 49) 


TABLE 2 


PREVENTION OF THE ANTICANCER AC- 
TIVITY OF CERTAIN AGENTS 


of anticancer agents on de novo nucleic acid purine 
synthesis by the direct procedure of measuring 
incorporation of the labeled precursors in control 
and treated animals. The specificity of mhibitions 
observed can be roughly ascertained by simul- 
taneously measuring incorporations of labeled 
formate or carbon dioxide into protein or whole 
tissue. 

A considerable amount of work of this nature 
has now been reported. Table 4 summarizes cer- 
tain of these results. It should be clearly under- 


Type of ‘ ‘ 
Anticancer agent Reversal agent neoplasia Ref. stood that the specific chemical events affected in 
A-Methopterin Folic acid Ak4leukemia 10,42 these inhibitions are not demonstrated by such 
Citrovorum factor Ak4leukemia 9 experiments. It cannot be assumed, for instance, 
DNA (partial) Ak4leukemia 37 because x-radiation inhibits formate incorporation 
B,2 (partial) Ak4leukemia 43 le; d h h 
$-Azaguanine Adenine, purine, , into nuc elc acid purines and not protein, t att e 
neucleosidesand carcinoma final step in closing the purine ring (formylation) 
purine nucleo- is the site of action of ionizing radiation. It is 
tides 
Guanylic acid —_———w 17 obvious that any of a number of blocks in the 
(partial) 1210 energy-coupling processes, precursor-producing 
* A. Gellhorn, personal communication. reactions, or catalytic events could provide for 
TABLE 3 
THE EFFECTS OF CERTAIN TEMPORARY ANTICANCER AGENTS ON VIRUSES 
Anticancer agent Virus inhibited Remarks Ref. 
A-Methopterin Rous sarcoma Feline pneumonitis, polio, influenza, vaccinia, and West- . 
ern equine encephalomyelitis unaffected in vivo 
2,6-Diaminopurine Russian spring and Feline pneumonitis, polio, influenza, vaccinia, and West- _ 15, * 
summer encephalitis ern equine encephalomyelitis unaffected in vivo 
8-Azaguanine Tobacco mosaic Feline pneumonitis, polio, influenza, vaccinia, and West- 32, * 
ern equine encephalomyelitis unaffected in vivo 
Netropsint Vaccinia Feline pneumonitis, polio, influenza, and Western equine . 
encephalomyelitis unaffected in vivo 
X-radiation Many affected in vitro 
Nitrogen mustard Many affected in vitro Feline pneumonitis, polio, influenza, vaccinia, and West- 22, * 


ern equine encephalomyelitis unaffected in vivo 


* F, M. Schabel, Jr., unpublished data. 


t Netropsin, an antibiotic from Streptomyces netropsis (14), was first observed to inhibit meno 9 inoculated vaccinia in mice,* and 


was then found to have slight to moderate inhibitory effects in several experimental animal tumors and 


J. R. Thomson, and F. M. Schabel, Jr., unpublished data). 


demonstrated that formate, glycine, and CO, are 
precursors of the carbon atoms of the purine 
skeleton of uric acid: 


CO, 


NI ——C 


Formate C 


The same compounds apparently serve as pre- 
cursors for the nucleic acid purines (50). With this 
knowledge it has been possible to study the effects 


eukemias (H. E. Skipper, M. Bell, 


such slowing down of de novo nucleic acid syn- 
thesis. 
FrxaTION OF CERTAIN ANTICANCER AGENTS TO 
Acip 

Several years ago it was reported that 8-azagua- 
nine-2-C"4 is fixed in small amounts, as such, in 
the nucleic acids of mouse viscera (33). This 
observation has been confirmed in a second series 
of experiments,‘ by similar technics by Mandel 
(31) and without the aid of tracer technics in 
Tetrahymena geleit by Heinrich (21). 

Similar results have been obtained showing the 
fixation of 2,6-diaminopurine-2-C™ as such, in 
mouse nucleic acids.4 In addition, it has been 
demonstrated that 2,6-diaminopurine-2-C"4 is con- 
verted in vivo to 2,6-diaminopurine riboside in 
considerable quantity. This diaminopurine ribo- 


41... L. Bennett, Jr., H. E. Skipper, J. Meade, J. E. Hill, 
and L. Simpson, unpublished data. 
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side was first isolated in the ATP-fraction and is 
believed to be a phosphorylated nucleoside, since 
on pyridine hydrolysis, paper chromatography, 
and autoradiography a 2,6-diaminopurine riboside 
autoradiogram was obtained which was confirmed 
r co-chromatography with known compounds 
52). 

Results of a similar nature have also been ob- 
tained by Weygand ef al., showing fixation of 


evidence that incorporation of “unnatural” bases 
into nucleotides or reaction of nitrogen mustard 
with nucleotide bases are not impossible means for 
explaining the biologic actions of these agents. 
More pertinent data have recently been ob- 
tained which show that 8-azaguanine-2-C" is in- 
corporated into the RNA of an 8-azaguanine- 
susceptible strain of leukemia (L1210) at levels of 
100 times the incorporation of this purine an- 


TABLE 4 


EFFECTS OF CERTAIN ANTICANCER AGENT3 ON INCORPORATION OF PRECURSOR MOLECULES 
INTO WHOLE TISSUES, PROTEIN AND NUCLEIC ACID MOIETIES 


Labeled Period of Protein or Combined 
precursor Anticancer exper. whole nucleic 
employed agent (hrs.) Tissue tissue acids DNA RNA Ref. 
Formate-C"* Aminopterin 6 Viscera 0 TTT 45 
Formate-C!4 A-methopterin 6 Viscera 0 45 
Formate-C"4 A-methopterin 6 Viscera +++ 47 
Formate-C!* Aminopterin 94 Intestine +++ ++ 19 
Formate-C"4 Aminopterin 24 Liver ++ + 19 
Adenine-C!4 Aminopterin 24 Intestine -+- 0 19 
Formate-C' A-methopterin 6 Leukemic livers and 0 +++ 41 
spleens (Ak4 leu- 
kemia) 
Formate-C!4 A-methopterin 6 Leukemia L1210 ++ +--+ + +++ 40 
(A-methopterin- 
susceptible) 
Formate-C!4 A-methopterin 6 Leukemia L1210 S S S 40 
(A-methopterin- 
dependent) 
Acetate-C14* X-radiation 6 Intestinal mucosa 0 oe 23 
Acetate-C!4* X-radiation 6 Liver S + 23 
Acetate-C!4* X-radiation 6 Kidney 0 wee 23 
C140, X-radiation 6 Viscera S 44 
Formate-C!4 X-radiation 6 Viscera S ate 44 
Glycine-1-C!14 X-radiation 5 Bone marrow 0 +++ +++ 1 
Glycine-1-C'4 X-radiation 5 Intestine 0 1 
Formate-C!* Nitrogen mustard 24 Intestine ++ 0 18 
Formate-C!4 Nitrogen mustard 6 Viscera S + 46 
Formate-C'4 Nitrogen mustard 6 Viscera S ae ? t 
Formate-C" Urethan 6 Viscera S + 46 
Formate-C!4 8-Azaguanine 6 Viscera 0 + + t 
Formate-C!4 8-Azaguanine 6 Viscera 0 ++ 46 
Formate-C'4 2,6-Diaminopurine 6 Viscera S ++ 46 
Formate-C"* Cortisone 6 Viscera 0 + 46 


Nore: S = stimulation 
0 = no significant effects (+ 25 per cent of control) 
+ = inhibition of 25—50 per cent 
+-+ = inhibition of 50-75 per cent 
+++ = inhibition of 75 per cent 


* This study was F agp a measure of incorporation of C1O2 resulting from oxidation of acetate-C", since acetate is not a precursor of purines. 
r., an 


t L. L. Bennett, . E. Skipper, unpublished data. 


Br- labeled bromouracil, a thymine antagonist, in 
bacterial nucleic acids (51). Bromouracil is not 
known to inhibit tumors. 

Wheeler’ has carried out in vitro and in vivo ex- 
periments which demonstrate that methy]-labeled 
nitrogen mustard is fixed to nucleic acid purines 
and pyrimidines, and that purine and pyrimidine- 
nitrogen mustard reaction products can be 
isolated by paper or ion-exchange chromatogra- 
phy. 

Such studies as are mentioned above are not 
conclusive and should only be considered as 


5G. P. Wheeler, unpublished data. 


tagonist into 8-azaguanine-dependent leukemia 
(L1210-8AG-D) (3). This could be considered as 
suggestive evidence that fixation of 8-azaguanine 
in nucleic acids may be related to the cytotoxic ac- 
tion of this compound. 


Drue REsIstaNce IN Mouse LEUKEMIAS 
The development of resistance to inhibiting 
agents by neoplastic tissue seems to be a universal 
occurrence. Drug resistance in micro-organisms 
has been known for many years and has in certain 
instances been rather conclusively ascribed to 
chemical selection of existing drug-resistant mu- 
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tants in a bacterial population. Evidence has been 
recently obtained which strongly suggests that the 
development of resistance in mouse leukemia is 
the result of a similar series of events (28). 

Burchenal and Law have developed, by treated 
transplantation, strains of mouse leukemia which 
are resistant to A-methopterin (9, 30). Law has 
succeeded in developing strains of L1210 leukemia 
which are dependent on A-methopterin (30) and 
8-azaguanine,® respectively, for optimal growth. 

A-methopterin-dependent L1210 leukemia is 
not stimulated by folic acid or citrovorum factor. 
In fact, citrovorum factor partially prevents the 
growth-stimulating action of A-methopterin in 
the dependent leukemia (29). These data suggest 
that this leukemia does not convert A-methopterin 
into folic acid or citrovorum factor. 

It has been found that A-methopterin pro- 
foundly inhibits de novo synthesis of DNA and 
RNA purines of A-methopterin-susceptible leu- 
kemic cells and viscera of mice bearing this leu- 
kemia. However, administration of A-methopterin 
more than doubles the rate of de novo DNA and 
RNA synthesis in the A-methopterin-dependent 
leukemic cells while profoundly inhibiting nucleic 
acid synthesis in the viscera of mice bearing this 
tumor (40). 

It has already been mentioned that 8-azaguanine 
is fixed in the RNA of 8-azaguanine-susceptible 
leukemic cells at levels 100 times that found in the 
RNA of dependent leukemic cells. 

Such observations as have been made to date 
on the metabolism of drug-susceptible and re- 
sistant or dependent neoplastic tissue suggest that 
differences in nucleic acid metabolism may exist. 
In the case of the drug-dependent leukemias it 
seems possible that “‘normal’’ metabolites may be 
acting as antagonists and that the anticancer 
agents may antagonize these “normal” antago- 
nists to the benefit of the dependent neoplastic 
cells. 

Hirschberg et al. have made the extremely in- 
teresting observation that experimental tumors 
which are most susceptible to 8-azaguanine have 
the lowest concentration of a deaminase which 
converts 8-azaguanine to 8-azaxanthine (24), sug- 
gesting that the variation in ability of neoplastic 
cells to detoxify an antagonist may in some in- 
stances account for variations in response to anti- 
cancer agents. 

The field of drug-resistance (natural or induced) 
in cancer would appear to be one of greatest theo- 
retical and practical importance. 


°L. W. Law, persona! communication. 


CuRRENT HypoTHESsEs 


A review on the present subject is undoubtedly 
premature, since detailed information on the mode 
of action of the temporary anticancer agents is not 
yet at hand. The data summarized in the tables 
presented above suggest that a pattern of action 
on one complicated biochemical system may exist 
among the heterogeneous agents which inhibit 
tumor growth. 

In conclusion, it may be worth while to mention 
briefly certain current views on the possible bio- 
chemical actions of several classes of anticancer 
agents. These hypotheses must be considered for 
what they are, logical guesses based largely on 
information gained from studies on normal me- 
tabolism. Such hypotheses must withstand the 


test of time and must eventually be expanded to 


explain the reasons for the slight temporary 
cytotoxic specificity exhibited by anticancer 
agents for certain neoplastic cells. 

The 4-aminopteroylglutamic acids almost surely 
inhibit leukemia by antagonism of folic acid or 
citrovorum factor, since either of these compounds 
will prevent the antileukemic action of this class 
of agent. It appears that folic acid is converted to 
citrovorum factor which is associated with en- 
zymes having to do with transfer of single carbon 
units. Aminopterin (4-aminopteroylglutamic acid) 
prevents conversion of folic acid to citrovorum 
factor (34), and compounds of this class compete 
with formed citrovorum factor. The end result of 
this antagonism is an inhibition of nucleic acid 
synthesis as well as other biochemical processes. It 


seems probable that the primary mechanism by 


which the 4-aminopteroylglutamic acids provide 
antileukemic activity is through inhibition of 
nucleotide synthesis. 

The purine antagonists, 2,6-diaminopurine and 
8-azaguanine, inhibit certain experimental tumors 
and leukemias in vivo. Both of these agents are 
fixed as such in mammalian nucleic acids. Dia- 
minopurine acts as a precursor of nucleic acid 
guanine (2)* and is converted to diaminopurine 
ribosephosphate (52). It is possible that diamino- 
purine ribosephosphate is acting as an antagonist 
of adenine containing coenzymes (7). 8-Azagua- 
nine may inhibit cell growth by formation of 
“fraudulent” nucleotides but proof of this hy- 
pothesis is still lacking. 

There are data which suggest that alkylating 
agents of the nitrogen mustard class react irreversi- 
bly with nucleotide bases. Such chemical reactions 
could account for chromosome malfunctions so 
dramatically demonstrated by the cytologist and 
the geneticist. 

The effective reversal of urethan toxicity to E. 
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colt by 2,6-diaminopurine or 2,6-diaminopurine 
riboside would appear to relate the action of this 
anticancer agent to nucleotide metabolism. Also, 
it has been reported that thymine partially neu- 
tralizes the chromosome-damaging action of 
urethan (5), suggesting that this agent may in- 
hibit transmethylations involved in ‘desoxyribo- 
nucleic acid thymine synthesis. 

The mechanism by which ionizing radiation 
produces biologic effects, including tumor inhibi- 
tion, is becoming a specialized field of study in 
itself. In keeping with the present discussion, it is 
of interest to note that it has now been reported 
from three different laboratories (1, 23, 44) that 
nucleic acid purine synthesis in mammals is 
profoundly inhibited at 6 hours after treatment 
with x-radiation and at this time no inhibition of 
acetate, glycine or formate carbon incorporation 
into protein is observed. 


CONCLUSIONS 


This review on the possible sites of biochemical 
action of certain temporary anticancer agents is 
necessarily superficial and incomplete and has been 
directed toward points which seem important to 
the reviewer. Many aspects of the subject as well 
as alternative hypotheses have been ignored. 

It is not intended to suggest that the present 
fad of blaming the effects of carcinostatic, car- 
cinogenic, and mutagenic agents on their seeming 
disruption of nucleotide metabolism may not 
eventually join the “ghosts of countless once- 
hopeful and dazzling hypotheses (20).”’ 

However, the evidence that certain of the 
heterogeneous group of agents which temporarily 
affect neoplastic growth also affect chemical events 
involved in nucleotide metabolism would seem to 
emphasize the necessity of attempting to obtain 
more basic knowledge in this field of biochemistry, 
if for nothing more than to lay to rest the growing 
assumption that here lies the core of the cancer 
problem. 
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Studies with Radioactive Colchicine 


I. ‘The Influence of Tumors on the Tissue Distribution of 
Radioactive Colchicine in Mice” 


A. Backf E. J. Wavaszext 


(Department of Pharmacology, University of Chicago, Chicago, IIl.) 


In spite of the many papers published on col- 
chicine and its influence on cell division, an ac- 
ceptable explanation for the mode of action of this 
drug is not yet available. There is also still much 
uncertainty about the action of colchicine and its 
derivatives on tumors. 

Ludford (13), using tumors and tissue culture, 
suggests that colchicine increases the viscosity of 
cell protoplasm. Northen (14), with onion root 
tips, found a decrease in the viscosity of proto- 
plasm. Lettré (10) explains the action of colchicine 
on dividing cells by its interference with the re- 
generation of ATP from creatine phosphate. It is 
probable that the mode of action of colchicine 
should be sought in changes produced in one or 
several enzymatic complexes of the cell. Boyland 
and Boyland (3) reported changes in metabolism 
and ascorbic acid content after the injection of 
colchicine. Bloch-Frankenthal and Back (2) found 
that the alkaline phosphatase is reduced in a rat 
tumor but not in normal tissues of the same ani- 
mal. Hawkins and Walker (9) found that when 
colchicine was given to hepatectomized rats it had 
no effect on the total amine oxidase activity of the 
liver but reduced the DOPA decarboxylase to 
about 50 per cent. 

The contradictory results obtained by treating 
different tumors with colchicine can be summa- 
rized by saying that it seems that the growth of 
some tumors can be stopped, and the neoplasm 
may even be brought to complete regression if 
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treatment is started in the earlier stages. Other 
tumors can be arrested only temporarily in their 
development, while still others can acquire a re- 
sistance to colchicine, as was recently reported by 
Lettré (10). 

One of the difficulties in explaining the action of 
colchicine has been the impossibility of obtaining 
exact data concerning the distribution of colchi- 
cine in organs, tissues, and cells. The indirect 
methods of Brues (5) and Lettré (12), using re- 
generating rat liver and tissue culture, could give 
only comparative and qualitative indications of 
the presence of colchicine. The understanding of 
the correct mechanism of action of colchicine was 
further complicated by the fact that most of the 
biological work was done with colchicine which 
was contaminated with other colchicine-like alka- 
loids. Recently, Santavy (15) isolated from Col- 
chicum autumnale no less than ten alkaloids, all of 
them with different toxicity and with different 
*“‘mitotic poison”’ indices. 

With the use of the biosynthetic technic (7), it 
has become possible to label with radioactive 
carbon (C14) such complex drugs as colchicine, 
digitoxin, and morphine, which cannot be synthe- 
sized in the chemical laboratory. 

In a preliminary paper (1) we described the 
distribution of pure radioactive colchicine in nor- 
mal and in Sarcoma 180-bearing mice. In this 
communication we present the results of the dis- 
tribution of colchicine in three other strains of 
tumor-bearing mice. 


MATERIALS AND METHODS 


Colchicine.—Pure radioactive colchicine labeled with 
carbon-14 was prepared by the biosynthetic procedures de- 
veloped in this laboratory. Since this technic was described 
in a previous publication (17), only a brief statement of the 
procedure is necessary. Actively growing Colchicum “autumnale 
plants were inclosed in air-tight chambers, into which C" 
was introduced in a concentration of 50 ywc/100 ml of carbon 
dioxide. The plants assimilated the radioactive carbon and 
incorporated it into all the constituents of the plant, one of 
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which is the alkaloid colchicine. At the end of their growing 
period the plants were harvested, the corms dried, powdered, 
and extracted for their colchicine. The colchicine was purified 
by chromatography and identified by its physical constants 


mp. 155-157° 
[a]2> = —121.6° (in chloroform) 


The specific activity of the colchicine so prepared varied 
from 7 to 25 uc/gm, depending on the assimilation of the 
radioactive carbon dioxide by the plants. 

Mice and Tumors.—The mice used for these experiments 
were (a) C57BL, (b) BAF-1, cross C57BL females and A Jax 
males, (c) F; hybrids of DBA males and C3H females, and 
(d) white CF 1. All animals were maintained on a Purina Dog 
Chow diet and were given free access to water. The tumors 
used were Sarcoma 180 on C57 mice, spindle-cell sarcoma on 
BAF-1, spontaneous mammary carcinoma on F, female 
hybrids of DBA and C3H. The Ehrlich ascites carcinoma was 
carried in white CF1. The two solid tumors were transferred 
by implantation in the scapular region and the ascites tumor 
by an intraperitoneal injection of approximately 50 million 
ascites cells. 

After the tumors were 2-3 cm. in diameter or, in the case 
of Ehrlich ascites tumor after an interval of 7-10 days, radio- 
active colchicine was injected. For the mice bearing solid 
tumors, 1.0 mg. of colchicine in 0.5 cc. of distilled water was 
injected subcutaneously into the side opposite to the tumor; 
the same doses were injected intraperitoneally into mice 
bearing ascites tumors. 

All animals were sacrificed 4 hours after injection. The 
organs were removed, dried between filter paper, weighed, 
and homogenized in distilled water. The homogenates were 
extracted with 70 per cent ethanol and filtered, and the filter 
paper was washed with additional 70 per cent ethanol. The 
filtrates were then evaporated to a small volume, diluted with 
water, and extracted with two 50-cc. portions of chloroform. 
The chloroform extract was evaporated to dryness, taken up 
in chloroform (C.P., 0.7 per cent ethyl alcohol) and passed 
through an alumina column. The resulting eluate contained 
colchicine, while other substances were adsorbed on the col- 
umn. Equal parts of each sample were then analyzed with 
the use of an internal Geiger counter. The colchicine so isolated 
from the tissues was then identified by its characteristic ultra- 
violet absorption curve and by paper chromatography. 

Essentially the same procedure was applied to the ascites 
tumor. The ascitic fluid with the free-swimming cells was re- 
moved with a syringe from the peritoneal cavity and centri- 
fuged to separate the cells from the fluid. The cells were washed 
twice and then extracted by the method described above. A 
sample was taken before centrifugation to count the number 
of cells, with a blood counting chamber. 

The lyophilized tissue injected into mice was prepared by 
the following method: The tumor tissue .was removed from 
the mice, freed from necrotic tissue, and cut into small pieces. 
Throughout this operation the tissue was kept at 0° C. The 
small pieces of tissue were then dried in a freeze-drying ap- 
paratus with phosphorous pentoxide as desiccant, an ethy- 
lene glycol-dry ice mixture for lowering the temperature, and 
a high vacuum pump for evacuating the system. When the 
tissues were dry they were removed, powdered in a mortar, 
and stored in a refrigerator until used. The dry lyophilized 
tumor was suspended in saline and injected in doses of 80 
mg/mouse; the controls were injected with 120 mg. of dry 
lyophilized muscle. 


RESULTS 


In our earlier paper (1) we reported that in 
normal C57 mice and in those bearing Sarcoma 


180, some organs, e.g., heart, brain, blood, muscle, 
do not accumulate colchicine. However, in other 
organs, colchicine was present. In Table 1 we have 


TABLE 1 


DISTRIBUTION OF RADIOACTIVE COLCHICINE IN ORGANS 
OF THREE DIFFERENT STRAINS OF NORMAL MICE 


Intes- Kid- 
tine ney Liver Spleen Heart Brain Muscle 
(per cent) 

C57BL 22.8 28.6 9.4 39.2 0 0 0 

BAF-1 19.2 226 15.1 48.1 0 0 0 

CF-1 18.3 26.2 7.4 47.1 0 0 0 

(white) 

The counts found in each organ are expressed as a percentage of the total 


counts recovered. The percentage of administered dose recovered as un- 
ey colchicine was 4.4 per cent. Each value represents an average of at 
east ten a 


summarized the distribution of colchicine in nor- 
mal mice of three different strains. It can be seen 
that in all of them the spleen is the organ that ac- 
cumulates the most colchicine. The intestine, 
kidney, and liver showed different amounts of 
accumulation of the drug. We believe this pattern 
can be accepted as a basis for the distribution of 
this drug in normal mice. In our tables the value 
of zero (0 per cent) indicates a counting rate less 
than 6 counts/minute above background. The 
backgrounds in the internal Geiger counters used 
were from 23 to 35 counts per minute, and the 
variations seen with any one counter were less 
than 4 counts per minute. 

Table 2 contains data on the distribution of 
labeled colchicine in animals bearing four different 
strains of tumors. In all four cases the distribution 
is similar, but different from the pattern of distri- 
bution in normal mice. There is a significant in- 
crease in the concentration of colchicine in the 
intestine; there is a slight rise of the concentration 
in the liver; and practically no change in the 
kidney. Each type of tumor also has a significant 
amount of colchicme. Most noteworthy is the 
change in the behavior of the spleen: In no tumor- 
bearing mouse of the four strains studied have we 
found a detectable amount of colchicine in the 
spleen. 

To verify the role of the tumor in connection 
with the distribution of colchicine, we performed 
some control experiments. We have already re- 
ported that the injection of India ink to block the 
reticuloendothelial system was followed by normal 
behavior of the spleen. In a series of experiments, 
colchicine was injected into pregnant female mice 
in the second half of pregnancy. We presumed that 
the growth processes of tumor and of pregnancy 
might provoke identical reactions. However, the 
results indicated that the spleens of pregnant mice 
had the same colchicine content as did those of 


j 
~ 
4, 
$ 
» 
» 
4 
2% 
a 
7, 
? 
| 


554 Cancer Research 


normal mice. In the third series of experiments we 
inoculated each mouse with a tumor (C57/Sar- 
coma 180), allowed the tumor to grow to 2-2.5 
cm. in diameter, and removed it surgically. When 
the wound had healed and the scar had attained a 
satisfactory appearance (7—9 days), the mice were 
given injections of radioactive colchicine. In all 
three series of experiments the spleen reacted nor- 
mally, i.e., contained a large amount of colchicine. 
The results are shown in Table 3. 


control, a normal mouse was given an injection of 
120 mg. of lyophilized muscle from a normal 
mouse. The results of a few representative experi- 
ments are given in Table 4. It was found that 
lyophilized tumor produces a similar action to 
that of a tumor in situ and that lyophilized muscle 
introduced into the animal is inactive. 


DISCUSSION 


The understanding of tumor-host relations has 
been, and still is, the object of intensive research. 


TABLE 2 
DISTRIBUTION OF RADIOACTIVE COLCHICINE IN ORGANS OF TUMOR-BEARING MICE 


Intestine 
Mice Tumor 
C57BL Sarcoma 180 46 .2 
BAF-1 Spindle-cell sarcoma 39.5 
DBAXC3H Mammary carcinoma 38 .2 
CF-1 white Ehrlich ascites carci- 39.8 
noma 


Per cent of 
administered 


Kidney Liver Spleen Tumor dose 

(per cent) recovered 
28.5 17.6 0 5.7 4.7 
28.1 19.0 0 13.4 4.1 
30.7 18.5 0 12.3 4.7 
26.7 26.7 0 6.8 


The counts found in each organ are expressed as a percentage of the total counts recovered. 


Each value represents an average of at least eight animals. 


TABLE 3 


DISTRIBUTION OF RADIOACTIVE COLCHICINE IN 
ORGANS OF PREGNANT, OPERATED UPON, 
AND NORMAL MICE 
The counts found in each organ are expressed as a percent- 


age of the total counts recovered. Each value represents an 
average of at least eight animals. 


In- 
testine Kidney Liver Spleen 
(per cent) 
Pregnant* 34.1 18.0 11.7 36.2 
Operated upont 34.7 23 .4 7.2 34.7 
Normal 22.7 28.5 9.2 39.1 


* The mice were in the second half of pregnancy. 


t The mice were used after the scars from the excision of the tumors had 
been closed and dry for 4—5 days (total time after operation, 7-9 days). 


TABLE 4 


DISTRIBUTION OF RADIOACTIVE COLCHICINE IN NORMAL 
MICE INJECTED WITH LYOPHILIZED TUMOR 
AND MUSCLE HOMOGENATES 


In- 
No. testine Kidney Liver Spleen 
(per cent) 
1 80.0 10.6 9.4 0 
Q 29.5 54.1 16.4 0 
Sarco- 3 75.0 15.4 9.6 0 
ma 180 4 88.3 0 11.7 0 
5 88.8 0 11.2 0 
6 58.5 25.8 15.4 0 
1 7.5 13.5 3.0 76.0 
Muscle 2 10.5 0 3.3 86.0 
3 41.4 6.3 §.2 47.1 
4 20.2 0 29.2 50.6 


The counts found in each organ are expressed as a percentage of the tota] 
counts recovered. 


To verify the role played by the tumor in the 
behavior of the spleen, 80 mg. of lyophilized Sar- 
coma 180 was injected into normal mice. As a 


With the introduction of the use of labeled sub- 
stances a new approach to existing problems has 
been made possible. 

Differences between the physiology of normal 
and tumor-bearing animals have been extensively 
described by Greenstein (8) and others (1, 2). 
Recently, in the work of Scott and Stone (16), 
alteration of the uptake of labeled iodotyrosine 
by thyroid, skin, blood, and gastrointestinal tract 
in tumor-bearing rats was described. Cerecedo 
and co-workers (6) reported that in sarcoma- 
bearing mice there was an increase in the arginine, 
histidine, cysteine, and threonine content of the 
livers; in lungs they observed a decrease in the 
histidine content. They did not observe any dif- 
ferences in the amino acid content of the spleens 
of tumor-bearing mice. 

We believe that the facts reported by us support 
the previous findings of Scott and Stone (16) re- 
garding the distribution of some radioactive sub- 
stances in the intestines of tumor-bearing mice. 
Apparently, the intestine reacts to the presence of 
a tumor by a change in its physiology. This is the 
only apparent reason for the accumulation of 
iodotyrosine, colchicine, and chlorophyll? in the 
intestine—substances different in both composi- 
tion and physiological activity. This may partially 
explain the findings of Boyland (3) and Brues (4), 
that tumor-bearing animals are more sensitive to 


1 Unpublished data from our Laboratory indicate that 
tumor-bearing mice have 6-8 times more chlorophyll in the 
gastrointestinal tract than do normal mice. 


2E. J. Walaszek, J. J. Kocsis, and A. Back, unpublished 
data. 
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colchicine than are the normal ones. It should be 
borne in mind that the dose of colchicine used in 
our experiments was a lethal one. However, it is 
known (4) that, once the lethal dose is reached, the 
size of that dose does not materially influence the 
interval before death of the animal. 

The fact that the spleen of a tumor-bearing 
mouse does not accumulate colchicine may pos- 
sibly be explained by the operation of a different 
mechanism. Is this reaction specific to colchicine 
or is it an expression of an important change 
produced by tumors? This point is now under 
investigation by us. It also has to be ascertained 
what part of the tumor causes this action. Further 
results will be reported by us in a forthcoming 
publication. 

SUMMARY 

1. The distribution of radioactive colchicine, 
prepared by biosynthesis, was studied in normal 
and tumor-bearing mice. 

2. The spleens of normal mice accumulated sig- 
nificant amounts of injected radioactive colchicine 
(39-47 per cent of that recovered in the body), 
while none was found in the spleens of tumor-bear- 
ing mice. The intestines of tumor-bearing mice, 
however, accumulated more colchicine than the 
intestines of the normal mice. 

3. When lyophilized tumor tissue was injected 
into normal mice, it had an action similar to that 
of a tumor in situ. It is postulated that a sub- 
stance or substances present in tumor tissue pro- 
voke the described effect in spleen and intestine. 
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Systemic Effects of Tumors in Force-fed Rats 


II. Effect on the Weight of Carcass, Adrenals, Thymus, 
Liver, and Spleen*t 


A. G. Stewartt anno R. W. 


(Department of Medical Research, University of Western Ontario, London, Canada) 


Progressive growth of the Walker 256 carcinoma 
produces anorexia and loss of carcass weight (6). 
Carcass weight loss has been prevented by force- 
feeding a high fat diet, but other systemic effects 
(decreased liver catalase activity, anemia, and 
adrenal enlargement) still occurred (1). It was 
suggested that loss of carcass weight is not a neces- 
sary component of the reactions leading to the 
development of systemic effects, and it was implied 
that the tumor’s action as a nitrogen trap was not 
responsible for the production of such effects. 

These experiments on force-fed, tumor-bearing 
rats have been repeated and extended to include 
high fat, high carbohydrate, and high protein 
diets. Data have been obtained also from rats fed 
a high fat diet and a chow diet ad libitum. 


MATERIALS AND METHODS 


Male (Sprague-Dawley) rats were used throughout. 
Several experiments were performed in which tumor-bearing 
and control rats were compared. The essential difference in 
each of these experiments was the composition of the diet. 

In the original experiment (Ingle high fat diet), two groups 
of rats ranging in weight from 163 gm. to 200 gm. were selected 
by pairing, and the Walker 256 carcinoma was transplanted 
bilaterally and subcutaneously in the lumbar region of one 
group. Both groups were force-fed by stomach tube twice 
daily, beginning the day after grafting. Tap water was supplied 
ad libitum. The force-feeding was continued until the tumor 
had attained a size of over 20 per cent of the body weight, as 
calculated by Schrek’s formula (9) from tumor measurements. 
The rats were then sacrificed following an overnight fast. 

The method in subsequent experiments differed from the 
above as follows: The rats were selected by grouping according 


* Supported by a grant from the National Cancer Institute 
of Canada. A preliminary report of this work was presented to 
the Royal Society of Canada in Montreal, June, 1951. 


+ The work reported was taken from a thesis submitted 
by A. G. Stewart for the degree of Doctor of Philosophy at the 
University of Western Ontario. 


t Present address: Department of Biochemistry, University 
of Alberta, Edmonton, Alberta. 


§ Research associate, National Cancer Institute of Canada 
Received for publication December 16, 1953. 


to body weight following preliminary observation of their 
growth rate. Force-feeding was begun 6 days after grafting, 
just prior to the first detectable growth of the tumor. The 
rats were sacrificed on the 2Ist day after transplantation of 
the tumor. 

At the termination of the experiment, blood samples were 
drawn from the abdominal aorta under nembutal anesthesia. 
Heparin was used as an anticoagulant. This bleeding killed 
the rats. 

The liver was removed, washed in water, blotted between 
paper towels, cleaned of adhering connective tissue, and 
weighed. It was then divided into 3 parts for water, nitrogen, 
and lipid analyses. The spleen, thymus, and adrenals were re- 
moved to moist paper, dissected free of adhering tissue, 
weighed, and replaced in the carcass. The gastrointestinal 
tract was removed from cardia to anus, slit open, washed with 
water, and replaced in the carcass. The tumors were removed 
and weighed. Tissues for nitrogen and lipid analyses (to be 
reported) were dissolved in 30 per cent alcoholic potassium 
hydroxide solution. 

The diets used were: (a) the original Ingle high fat diet (4), 
(b) a synthetic high fat diet, similar to the Ingle diet in caloric 
composition (83 per cent of the calories were contributed by 
fat), and (c, d, and e) three synthetic diets containing the same 
ingredients as the synthetic high fat diet, but in which the 
major food constituent (fat, carbohydrate, or protein) con- 
tributed 60 per cent of the calories, and each of the other two 
contributed 20 per cent each. The composition of the diets is 
given in Table 1. 

None of these diets was completely soluble in the liquid it 
contained. Prior to use they were mixed in a Waring Blendor 
and warmed to 30° C. Twenty-six ml. (67 calories) of the Ingle 
high fat diet and 40 ml. (70 calories) of the other diets were force- 
fed daily in two equal portions. In two experiments the rats were 
fed ad libitum either the maintenance fox chow diet! or the syn- 
thetic 60 per cent fat diet minus its water content. 


RESULTS 


The data are presented in Tables 2 and 3 ac- 
cording to the diet used. The results shown are 
mean values + the standard error of the mean. 
Mean values have been compared by the ¢ test of 
Fisher (10); values of P are regarded as significant 
at the 0.05 level. 

The initial body weights were similar for all 
experiments. The final body weights of the force- 


1 Master Fox Cubes, Toronto Elevators Limited. 
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fed controls were similar in all experiments in 
which the synthetic diets were used. Likewise, the 
final body weights, the carcass weights, and the 
tumor sizes of the tumor-bearing rats force-fed the 
synthetic diets were similar. It may be concluded 
that variation of the dietary composition over a 
considerable range had little or no influence on the 
growth of the rat bearing the Walker tumor, or of 
the tumor when isocaloric amounts of a_ nutri- 
tionally adequate diet were fed. 

The final body weight, the carcass weight, and 
the tumor size of the rats force-fed the Ingle high 


fat diet are larger than for those fed the synthetic 
high fat diet. This is attributed to a 5-day longer 
growing period for the experiment employing the 
Ingle diet. The period of tumor growth was short- 
ened in the experiments in which the rats were fed 
the synthetic diets in order to avoid the immediate 
pre-mortem period of tumor growth. 

The final body weights of the force-fed tumor- 
bearing rats were always greater than the controls, 
although the food intakes of the two groups were 
identical. The tumor-bearing rats fed ad libitum 
also gained more weight per calorie of food in- 


TABLE 1 
COMPOSITION OF DIETS 
Ingle Synthetic Synthetic Synthetic Synthetic 
high high 60 per cent 60 per cent 60 per cent 
fat fat* carbohydrate* protein* 
Egg albumen (gm.) 18.2 8.1 8.2 6.3 18.8 
Lactalbumen (gm.) 18.9 19.1 14.6 43 .9 
Corn oil (gm.) 22.7 58.4 33.9 7.4 7.4 
Butter (gm.) 29.5 
Sucrose (gm.) 0.4 27 .2 62.7 20.9 
Dried yeast (gm.) 11.4 
Salt mixture (gm.) 4.57 6.6t 
Cellu flour (gm.) 13.6 7.6 6.2 4.8 4.8 
Total 99.9 100.0 100.0 100.0 100.0 
Water-soluble vitamin mixture 3.33 2.74 2.10 2.10 
ml/100 gm of above§ 
Fat-soluble vitamin mixture 2.0 3.33 2.74 2.10 2.10 
m1/100 gm of above# 
Water, 100 gm. diet to 227 .3 ml. 378.4 ml. 311.1 ml. 238 .9 ml. 238.9 ml. 


* The per cent refers to the percentage caloric contribution of the major constituent of the diet. 


t Hawk-Oser salt mixture (2). 


t Salt mixture of Phillips and Hart (7) modified to contain 75.2 mg cobalt /kg of salt mixture. 


§ Water-soluble vitamin mixture: thiamine, 50 mg.; pyridoxine, 50 mg.; riboflavin, 100 mg.; nicotinic acid, 500 mg.; calcium pantothenate, 
590 mg.; biotin, 2 mg.; folic acid, 5 mg.; inositol, 1 gm.; choline, 10 gm.; 95 per cent ethanol, 50 ml.; water, to 100 ml. 


# Fat-soluble vitamin mixture: cod liver oil, 5 gm.; wheat germ oil, 5 gm.; and 2-methyl-naphthoquinone, 50 mg. 


TABLE 2 


THE EFFECT OF THE WALKER 256 CARCINOMA ON BODY AND CARCASS 
WEIGHT OF RATS FED VARIOUS DIETS 


Initial body wt. 


Final body wt. Carcass wt.* Tumor sizet 


* Carcass weight = body weight — tumor weight. 
+ Tumor size is expressed as per cent of final body weight. 
tP < 0.01 
§P < 0.05 
# The per cent refers to the percentage caloric contribution of the major continent of the diet. 


Diet Rat (gm.) (gm.) (gm.) (per cent) 
Force-fed: 
Ingle high fat Tumor (7) 179+4.0 314+ 5.4f 244+ 3.7§ 22.4+1.3 
Control (7) 180+4.4 255+ 3.1 255+ 3.1 
Synthetic high fat Tumor (8) 177+2.5 280+ 4.2 229+ 3.1f 18.1+1.3 
Control (8) 177+2.3 242+ 2.7 242+ 2.7 
Synthetic 60 per cent fat# Tumor (8) 176+3.1 293+ 8.1f 235+ 3.7 19.3+1.9 
Control (8) 175+1.8 241+ 2.8 241+ 2.8 
Synthetic 60 per cent car- Tumor (8) 174+1.0 287+ 5.1} 232+ 6.5§ 19.0+2.1 
bohydrate# Control (8) 177+2.0 248+ 1.8 248+ 1.8 
Synthetic 60 per cent Tumor (8) 181+1.8 284+ 16.4§ 225+ 8.7 20.4+1.6 
protein# Control (8) 181+1.8 237+ 3.2 237+ 3.2 
Ad libitum: 
Synthetic 60 per cent fat Tumor (6) 168+2.0 255+13.7 198+10.6f 23 .1+2.8 
Control (6) 169+4.1 270+ 6.5 270+ 6.5 
Chow Tumor (9) 176+3.1 255+ 9.3 193+ 7.8t 24.1+0.9 
Control (9) 175+1.8 255+10.5 255+10.5 
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gested than did their controls, although in this 
case the difference between the two groups is due 
to a decreased food intake on the part of the tu- 
mor-bearers? rather than to a difference in weight 
gain. Mider e al. (6) obtained similar results by 
comparing the growth of tumor-bearing rats, feed- 
ing ad libitum, to pair-fed control rats. 

The carcass weight of the force-fed tumor- 
bearers was significantly less than the controls on 
the Ingle high fat diet, the synthetic 83 per cent 
fat, and the synthetie 60 per cent carbohydrate 
diets; on the other two diets it is less, but not sig- 
nificantly so. Thus, in contrast to the earlier 


largement of the adrenals, spleen, and liver or the 
involution of the thymus in the rats bearing the 
Walker tumor. The weight of the thymus appears 
to be smaller in rats fed the 60 per cent protein 
diet than in rats fed the other diets. Likewise the 
weights of the thymus were smaller in the force-fed 
rats than in those fed ad libitum. Conversely, the 
adrenals of the force-fed rats appeared to be larger 
than those of rats fed ad libitum, except in the 
group fed the 60 per cent fat diet ad libitum, where 
the extreme enlargement of the adrenals in one 
tumor-bearing rat’ raised the mean of this group 
to that of the force-fed rats. 


TABLE 3 


THE EFFECT OF THE WALKER 256 CARCINOMA ON THE WEIGHT OF ADRENALS, 
THYMUS, LIVER, AND SPLEEN OF RATS FED VARIOUS DIETS* 


Adrenals Thymus Spleen Liver 
Diet Rat (mg.) (mg.) (gm.) (gm.) 
Force-fed: 
Ingle high fat Tumor (7) 79+ 7.1 107+15 3.60+0.30 19.3+3.2 
Control (7) 41+ 3.2 310 +16 0.58+0.04 9.8+0.6 
Synthetic high fat Tumor (8) T4+ 5.3 166 +16 3.24+0.35 16.7+1.0 
Control (8) 39+ 1.3 272+ 16 0.55+0.02 9.6+0.2 
Synthetic 60 per cent fatT Tumor (8) 73+ 4.9 195+21 3.58+0.27 16.1+0.5 
Control (8) 53+ 2.7 359 + 35 0.63+0.03 10.2+0.3 
Synthetic 60 per cent car- Tumor (8) 13+ 5.5 160+ 28 3.55+0.58 16.8+0.9 
bohydratet Control (8) 53+ 1.0 306 + 35 0.62+0.30 10.8+0.4 
Synthetic 60 per cent pro- Tumor (8) 86+ 5.6 82+ 13 4.02+0.36 17.1+0.8 
teint Control (8) 55+ 4.0 236 +15 0.51+0.02 | 11.1+0.2 
Ad libitum: 

Synthetic 60 per cent fat Tumor (6) 62+13.8 243 + 59 3.47+0.62 15.7+0.7 
Control (6) 38+ 1.0 469 + 29 0.79+0.06 11.8+0.7 

Chow Tumor (9) 64+ 3.5 231+33 

Control (9) 38+ 1.5 480+39 

* P < 0.01 for all comparisons between tumor rats and their controls on each diet. 
t The per cent refers to the percentage caloric contribution of the major constituent of the diet. 
observations (1), maintenance of the food intake DISCUSSION 


by force-feeding did not permit complete main- 
tenance of the carcass weight of the rat bearing the 
Walker tumor when the tumor was permitted to 
grow to 20 per cent of the body weight. However, 
it did permit much more carcass growth than in 
tumor-bearing rats fed ad libitum. 

The tumor appeared to have attained a greater 
size in rats fed ad libitum, in spite of the greater 
food intake of the force-fed rats. Presumably, the 
stress of force-feeding depressed tumor growth. In 
this connection it is of interest that cortisone (5) 
decreased the rate of growth of the Walker tumor 
in its early stages. 

The organ weights presented in Table 3 show 
clearly that force-feeding does not prevent the en- 

2 The ad libitum intake of food over a 10-day period, be- 
ginning on the 10th day after the tumor graft, was 34.2 + 3.6 
calories per rat per day for the rats bearing tumors and 54.8 + 
1.9 calories per rat per day for the control rats. There were 


twelve rats in each group, and they were fed a diet in which 
fat furnished 60 per cent of the calories. 


3 The adrenals of this rat weighed 142 mg. 


A considerable variability with large standard 
errors of the mean may be noted for most of the 
reported systemic effects. It appears that there are 
marked differences in the response of a few rats to 
the presence of the Walker tumor. This may 
explain the failure of Begg and Dickinson (1) to 
note any loss of carcass weight in four tumor- 
bearing rats force-fed the Ingle high fat diet. 

The carcass weights reported in this paper in- 
clude the contents of the gastrointestinal tract. 
Although the rats had been fasted overnight, it is 
possible that the amount of intestinal contents of 
the tumor-bearers may have differed from that of 
the controls, but this was not apparent on gross 
examination. A difference may also have existed 
between the amounts of the gastrointestinal con- 
tents in the force-fed rats and those fed ad libitum. 
The extent to which such differences may have 
affected the results is unknown. » 

It is also uncertain to what extent the level of 
food intake may have influenced the results. The 
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force-fed rats received 70 calories per day. This 
may be considered to be overfeeding when com- 
pared to the approximately 55 calories per day 
ingested by the nontumor-bearing rats fed ad 
libitum.” 

The deficit in carcass weight of the tumor-bear- 
ing rat observed in these experiments may also be 
explained by the nitrogen trap concept of tumor 
action (6). Could the nitrogen trap also be re- 
sponsible for the other effects? Maintenance of 
the food intake by force-feeding the tumor rat has 
prevented much of the carcass weight deficit; it 
has not resulted in a similar improvement in the 
observed systemic effects. It will be shown in 
paper III of this series that there is a deficit of 
carcass nitrogen‘ in the force-fed rat bearing the 
Walker tumor of a magnitude similar to the car- 
cass weight deficit. This supports the nitrogen 
trap concept but provides no answer to the prob- 
lem of its correlation with the production of other 
effects of the tumor. 

The dietary modifications used in the force- 
feeding experiments have had comparatively little 
influence on the magnitude of most of the ob- 
served systemic effects. The changes which have 
been noted when the weights of the thymus and 
adrenal glands of the force-fed rats are compared 
to those fed ad libitum may be attributed to the 
stress of force-feeding mediated through the 
pituitary-adrenal system (8). This stimulation of 
the pituitary-adrenal system by force-feeding 
introduces another variable in addition to the food 
intake and makes difficult, if not impossible, com- 
parison of the force-fed rats with those fed ad 
libitum. The low weights of the thymus of the rats 
fed the high protein diet may also be attributed to 
adrenal stimulation, although the accompanying 
adrenal enlargement was not statistically sig- 
nificant. Enlargement of the adrenals in rats fed 
high protein diets has been reported (3, 11). 


SUMMARY 
Force-feeding high fat, carbohydrate, and pro- 
tein diets to rats bearing the Walker 256 carcinoma 
greatly reduced, but did not prevent, the loss of 
4The carcass nitrogen values were not influenced by the 


contents of the gastrointestinal tract, since these were re- 
moved by washing prior to analysis. 


carcass weight noted in tumor-bearing rats fed ad 
libitum. 

Maintenance of the food intake did not alter 
the enlargement of liver and spleen that occurs in 
tumor-bearing rats fed ad libitum, but some in- 
crease in adrenal enlargement and thymus involu- 
tion was observed, presumably owing to the stress 
of force-feeding. 
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Systemic Effects of Tumors in Force-fed Rats 


III. Effect on the Composition of the Carcass and 
Liver and on the Plasma Lipids*t 


A. G. R. W. Becc§ 


(Department of Medical Research, University of Western Ontario, London, Canada) 


The force-feeding of rats bearing the Walker 256 
carcinoma largely prevented the marked loss of 
carcass weight that occurs in the tumor-bearing 
rat fed ad libitum but had little influence on the 
magnitude of several other systemic effects (2, 21). 
It was suggested that the action of the tumor as a 
nitrogen trap was unlikely to be a necessary com- 
ponent of the reaction leading to the development 
of systemic effects (2). Carcass nitrogen analyses 
were not done, so that it was unknown whether or 
not nitrogen loss had occurred. In this paper the 
results of the carcass analyses of the same force-fed 
rats that were reported in the preceding paper of 
this series are presented (21). 

It was also observed in the earlier work that 
rats bearing the Walker tumor and force-fed a 
high fat diet developed a hyperlipemia which pre- 
vented accurate estimation of hemoglobin by the 
usual photocolorimetric methods (2). The lipid 
content of the plasma of these rats was not meas- 
ured. These rats also had fatty livers. Hyper- 
lipemia (6) and marked loss of carcass lipid (14) in 
tumor-bearing rats fed ad libitum have been re- 
ported. It was of interest to determine the lipid 
content of the carcass, liver, and blood plasma of 
force-fed, tumor-bearing rats. 


MATERIALS AND METHODS 


The rats used in these experiments were the same as those 
described in the previous paper (21) in which the method of 
autopsy and the composition of the diets are given. 

The nitrogen contents of carcass, tumor, and liver were 


* Supported by a grant from the National Cancer Institute 
of Canada. An abstract has been published in Cancer Research, 
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+ The work reported was taken from a thesis submitted by 
A. G. Stewart for the degree of Doctor of Philosophy at the 
University of Western Ontario. 

t Present address: Department of Biochemistry, Univer- 
sity of Alberta, Edmonton, Alberta. 

§ Research Associate, National Cancer Institute of Canada. 
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determined on aliquots of the alcoholic KOH solutions of the 
tissues by a semimicro-Kjeldah] method (17) with steam 
distillation into 2 per cent boric acid solution and a mixed 
indicator (11). The approximate amounts of tissue and the 
final volumes of their solutions were: for carcass, 200 gm. in 
500 ml.; tumor, 60 gm. in 200 ml.; and liver, 10 gm. in 50 ml. 

The fatty acid analyses of the carcass and tumor were per- 
formed on 10-ml. aliquots of the same tissue solutions used for 
the nitrogen analyses, according to the method of Haven, 
Bloor, and Randall (5). 

The total lipids of blood plasma and liver were determined 
by weighing the material extracted with petroleum ether 
from the residue remaining after removal of the solvent from 
aliquots of alcohol-ether extracts of the tissues. The extrac- 
tions were carried out according to Bloor (3). 

The blood and liver phospholipids were calculated from 
phosphorus analyses of aliquots of the alcohol-ether extracts 
of these tissues according to the method of Fiske and Subba- 
Row (4). The factor 22.7 of Artom and Fishman (1) was used 
to convert the phosphorus values to phospholipid. 

Blood total cholesterol was determined by the method of 
Sperry (20), with larger volumes as described in Hawk, Oser, 
and Summerson (7). Mean values have been compared by 
the ¢ test of Fisher (19); values of P are regarded as significant 
at the 0.05 level. 


RESULTS 


The results shown are mean values + the stand- 
ard error of the mean. It is evident from Table 1 
that force-feeding failed to prevent the loss of 
nitrogen from the carcass of the tumor-bearing 
rat, though the losses were not so great as those in 
the tumor-bearing rat fed ad libitum. This is in 
accord with the values for the gross carcass weight 
of these rats (21). 

The total body nitrogen of the force-fed tumor- 
bearers was greater than their corresponding con- 
trols in all cases except those on the 60 per cent 
protein diet, but in no instance was the difference 
statistically significant. At the same time, the 
force-fed tumor rat had a considerably greater 
total body weight than the nontumor-bearing rat 
(21). Calculation based on a tumor water content 
of 83 per cent! suggests that water accounted for a 


1 The mean value for nine large tumors was 83.1 + 0.2 per 
cent. 
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large part of the increased weight of the tumor- 
bearer. 

The fatty acid content of the carcasses of the 
tumor-bearers shown in Table 2 was less than that 
of their controls. The data in this table are incom- 
plete owing to a technical error. The data which 
are shown for the synthetic high fat and synthetic 
60 per cent diets? were obtained in preliminary 
studies of the dietary modifications. These rats 
were not selected so rigidly, were approximately 


2The diets have been named according to the percentage 
caloric composition of their major constituent (fat, carbo- 
hydrate, or protein). Fat contributed 83 per cent of the calories 
in the high fat diets. 


30 gm. larger, and bore tumors approximately 24 
per cent of the body weight. Again it may be said 
that force-feeding failed to prevent losses of car- 
cass fatty acid but that the losses were not so 
great as those in tumor-bearing rats fed ad libitum. 

The total fatty acid content of the tumor-bear- 
ing rat, whether force-fed or fed ad libitum, was 
less than that of the control rat. On the synthetic 
60 per cent carbohydrate and 60 per cent protein 
diets this difference was statistically significant in 
spite of the fact that the total body weights of the 
tumor-bearers were greater than the controls. This 
is not surprising in view of the decreased fatty 
content of the carcass and the low lipid content of 


TABLE 1 


THE EFFECT OF WALKER 256 CARCINOMA ON THE DISTRIBUTION OF 
NITROGEN IN RATS FED VARIOUS DIETS 


Diet Rat 
Force-fed: 

Ingle high fat Tumor (7) 
Control (7) 
Synthetic high fat Tumor (8) 
Control (8) 
Synthetic 60 per cent fatf Tumor (8) 
Control (8) 
Synthetic 60 per cent carbo- Tumor (8) 
hydratet Control (8) 
Synthetic 60 per cent proteinT Tumor (8) 
| Control (8) 

Ad libitum: 
Synthetic 60 per cent fat Tumor (6) 
Control (6) 
Chow Tumor (4) 


Control (4) 
*P < 0.01. 


Carcass nitrogen Tumor nitrogen Total nitrogen 


(gm.) (gm.) (gm.) 
5.99+0.19 1.20+0.07 7.19+0.24 
6.67+0.26 6.67+0.26 
5.47+0.10* 0.88+0.04 6.34+0.08 
6.03+0.15 6.03+0.15 
§.53+0.21 0.88+0.07 6.28+0.18 
6.00+0.21 6.00+0.21 
6.08+0.23* 0.98+0.08 7.06+0.17 
6.85+0.10 6.85+0.10 
5.52+0.18* 0.99+0.10 6.51+0.24 
6.62+0.11 6.62+0.11 
5.09+0.32* 0.89+0.12 5.98+0.30f 
7.05+0.17 7.05+0.17 
5.62+0.41* 1.05+0.05 6.68+0.43t 
7.86+0.29 7.86+0.29 


t The per cent refers to the percentage caloric contribution of the major constituent of the diet. 


tP < 0.05. 


TABLE 2 


THE EFFECT OF WALKER 256 CARCINOMA ON THE DISTRIBUTION OF FATTY 
ACIDS IN RATS FED VARIOUS DIETS 


Diet Rat 
Force-fed: 

Ingle high fat Tumor (7) 
Control (7) 
Synthetic high fat Tumor (2) 
Control (2) 
Synthetic 60 per cent fat* Tumor (3) 
Control (3) 
Synthetic 60 per cent carbo- Tumor (8) 
hydrate* Control (8) 
Synthetic 60 per cent protein* Tumor (8) 
Control (8) 

Ad libitum: 
Synthetic 60 per cent fat Tumor (6) 
Control (6) 
Chow Tumor (4) 
Control (4) 


Carcass Tumor Total 
fatty acids fatty acids fatty acids 
(gm.)  (gm.) (gm.) 

27 .$21.3 2.18+0.46 29.5+1.1 
30.3+2.4 30.3+2.4 
25.1 2.34 Q7 
29.5 - 29.5 
27.1 2.33 29 .4 
34.2 34.2 
18.3+0.8f 1.28+0.14 19.7+0.8f 
22.2+0.8 22 .2+0.8 
15.7+1.2T 1.15+0.10 16.6+1.3f 
23.5+1.5 23 .5+1.5 
11.2+2.4T 1.38+0.21 12.6+2.47 
26.7+2.2 26.7+2.2 
§.5+1.3f 1.08+0.10 6.5+1.3T 
20.5+1.9 20.5+1.9 


* The per cent refers to the percentage caloric contribution of the major constituent of the diet. 
< 0.01. 
tP < 0.05. 
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stituents made up only a small fraction of the total] 
plasma lipid increase in those rats with extreme 
hyperlipemia. Presumably neutral fat was largely 
responsible for the increase. 

The composition of the livers is shown in Table 
4. Fatty livers were obtained only in the rats fed 
the Ingle high fat diet. The total lipid content of 49 
per cent of the dry weights for the tumor-bearing 
rats on this diet corresponds to 17 per cent of the 
wet weight. Accompanying the increased lipid 
content of these livers was a decreased water 
content. The decrease in water content occurred in 
both tumor-bearers and controls and to about the 


the tumor tissue. It is of interest that the few re- 
sults available suggest that the tumors of the rats 
on the high fat diets contained more lipid than 
those on the other diets. 

The hyperlipemia which developed in the force- 
fed, tumor-bearing rat is seen from Table 3 to be 
very marked in those rats on the high fat diets. 
The highest value observed was over 15,000 mg. of 
total lipid /100 ml of plasma for a rat force-fed the 
synthetic high fat diet and bearing a tumor which 
was 19 per cent of the body weight. In gross ap- 
pearance the plasmas of these rats with extreme 
hyperlipemia were indistinguishable from milk. It 


TABLE 3 


THE EFFECT OF WALKER 256 CARCINOMA ON PLASMA LIPIDS 
OF RATS FED VARIOUS DIETS 


Total lipid Phospholipid Cholesterol 
Diet Rat mg/100 ml mg/100 ml mg/100 ml 
Force-fed: 
Ingle high fat Tumor (7) 5598+ 591* 435 + 33* 175+15.4* 
Control (7) 214+ 8 103+ 6 50+ 2.5 
Synthetic high fat Tumor (8) 5916 + 1659* 443 + 67* 154 (3)T 
Control (8) 289+ 17 1ll+ 4 44 (3)f 
Synthetic 60 per cent fatf Tumor (8) 1983+ 539* 280 + 33* 96 (2)+ 
Control (8) 225+ 14 83+ 4 54 (2)4 
Synthetic 60 per cent carbo- Tumor (8) 1122+ 232* 264+ 35* 
hydratet Control (8) 228+ 25 112+ 5 
Synthetic 60 per cent proteinf Tumor (8) 1217+ 327* 309 + 43* 
Control (8) 213+ 13 131+ 4 
Ad libitum: 
Synthetic 60 per cent fat Tumor (6) 1616+ 472§ 251+35* 
Control (6) 248+ 22 115+ 8 
*P < 0.01. 


+ The numbers in brackets refer to the number of rats. 


t The per cent refers to the percentage caloric contribution of the major constituent of the diet. 


§ P < 0.05. 


is not surprising that Begg and Dickinson (2) had 
difficulty in measuring blood hemoglobin in such 
rats. 

The degree of hyperlipemia was very variable 
and appears to be correlated with the amount of 
fat in the diet. This is evident when the results for 
the rats force-fed the high fat diets are compared 
to those for the rats fed the diets containing 20 per 
cent fat (synthetic 60 per cent carbohydrate and 
60 per cent protein diets). Comparison of the 
plasma total lipid value for the rats fed the 60 per 
cent fat diet ad libitum, with the median value of 
325 mg/100 ml obtained by Haven et al. (5) for 
rats eating a chow diet and bearing Walker 
tumors, reveals the same picture. Milky plasmas 
are not so common in rats fed ad libitum but they 
do occur in rats on a high fat diet and bearing 
large tumors. 

The plasma phospholipid and cholesterol values 
also showed a marked increase in force-fed tumor- 
bearers. The increases were not strictly propor- 
tional to the increases in total lipid. These con- 


same extent. An increased water content is usually 
observed in the liver of the tumor-bearing rat (12). 
This lack of increase in the rats fed the Ingle high 
fat diet may be related to their high fat content. 

When the experiments with the Ingle diet were 
performed, it was thought that the fatty livers 
observed in rats force-fed this diet might be at- 
tributed to a dietary choline deficiency. The ab- 
sence of fatty livers in the rats fed the synthetic 
high fat diet which contained a synthetic water- 
soluble vitamin mixture in place of the yeast of the 
Ingle diet would seem to confirm this view. The 
water content of the livers of the tumor-bearing 
rats fed the synthetic diets showed the increased 
water content that was expected but not observed 
in the rats force-fed the Ingle diet. 

The total lipid content of the livers of the 
tumor-bearing rats force-fed the synthetic 60 per 
cent carbohydrate and the synthetic 60 per cent 
protein diets was greater than that of their con- 
trols. This difference was not observed in the rats 
fed the other synthetic diets. The main difference 
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appears to be in the controls, for the total lipid 
content of the controls increased when the fat 
content of the diet was increased from 20 per cent 
to 60 per cent of the calories, whereas that of the 
tumor-bearers did not. When the fat content of 
the diet was further increased to 83 per cent of the 
calories, the lipid content of the livers of both 
tumor-bearing and control rats increased. The 
results suggest that the livers of normal rats may 
metabolize lipid more efficiently than tumor- 
bearers at the lower levels of fat intake but not at 
higher levels. This may be attributable to a differ- 
ence between the tumor and nontumorous rats in 
their choline requirement. 


The lower nitrogen content of the carcass of the 
force-fed rat bearing the Walker tumor, when 
compared to that of the control rat, indicates some 
protein depletion if the control is taken as the 
base-line. This protein depletion is more severe in 
the rat fed ad libitum and reflects the decreased 
food intake of these rats. It is what would be 
expected if the tumor functioned as a nitrogen 
trap. As the tumor enlarges, its demand for 
nitrogenous building blocks increases. When the 
demand exceeds the dietary supply, the carcass of 
the host makes up the difference. In the force-fed 
rat the point of equilibrium is reached later when 
the tumor is larger, since the food intake is greater; 


TABLE 4 


THE EFFECT OF WALKER 256 CARCINOMA ON THE COMPOSITION OF 
THE LIVER OF RATS FED VARIOUS DIETS 


Water Nitrogen Total lipid Phospholipid 
Diet Rat (per cent)* (per cent) f (per cent) ft (per cent) ft 
Force-fed: 

Ingle high fat Tumor (7) 64.6+1.9 6.96+0.51 49.0+2.8 10.1+0.8 
Control (7) 64.1+3.6 8.68+1.20 43.5+4.3 10.9+0.9 
Synthetic high fat Tumor (8) 72.9+0.6f 8.23+0.20 26.9+0.9 12.9+0.3 
Control (8) 69.5+0.3 8.48+0.45 27 .7+1.3 13.2+0.3 
Synthetic 60 per cent fat§ Tumor (8) 70.7+0.4] 7.88+0.21# 20.1+0.5 11.8+0.6 
Control (8) 67.6+1.5 7.11+0.22 20 .5+2.8 10.9+0.7 
Synthetic 60 per cent carbo- Tumor (8) 73.5+0.7f 9.75+0.31 20.2+0.6 13.9+0.6 
hydrate§ Control (8) 71.6+0.4 10.19+0.84 16.7+0.5 13.8+0.5 
Synthetic 60 per cent protein§ Tumor (8) 72.8+0.4f 10.44+0.49 23 .1+1.2 11.7+0.6 
Control (8) 69.0+0.3 10.01+0.23 18.4+0.4 11.6+0.6 

Ad libitum: 
Synthetic 60 per cent fat Tumor (6) 72.9+1.8 8.84+0.48 20.5+1.0 11.1+0.6 
Control (6) 71.3+0.6 8.20+0.41 23 .3+0.8 10.9+0.2 


* Based on wet weight. 
t Based on dry weight. 
tP < 0.01. 


§ The per cent refers to the percentage caloric contribution of the major constituent of the diet. 


#P < 0.05. 


The phospholipid content of the livers does not 
suggest any disturbance of this aspect of lipid 
metabolism in the tumor-bearing rat, for it was the 
same in tumorous and control rats on all diets. 
Variation of the fat content of the diet had no 
consistent effect on the level of phospholipid in the 
liver. This reaffirms the relative constancy of this 
component under a variety of conditions. 


DISCUSSION 


The force-fed, tumor-bearing rat gains more 
weight than the noncancerous rat fed an isocaloric 
amount of food, but calculation suggests that 
much of the extra weight is due to water. The 
force-fed tumor-bearing rat contains slightly less 
nitrogen and fat than the control. This implies 
that the tumorous rat contains fewer calories in 
spite of his increased weight, which is in agreement 


with bomb calorimetry studies on pair-fed rats 
(13). 


and the result is a less severe depletion of the 
force-fed rat. The data, therefore, support the 
concept of the tumor as a nitrogen trap. 

The water and nitrogen analyses, in conjunc- 
tion with the increase in liver weight (21), suggest 
a synthesis of new protein by the liver. This is 
noted also in the ad libitum high fat group where 
there was a considerable loss of carcass weight 
(21). At this stage of tumor growth the liver can 
compete successfully with the tumor for protein 
building blocks (16, 18). 

The extreme hyperlipemia which develops in 
the tumor-bearing rats force-fed the high fat diets 
is startling. It is much greater than has been ob- 
served heretofore in cancerous rats, owing, un- 
doubtedly, to the greater fat intake. Haven et al. 
(5) suggested originally that hyperlipemia in can- 
cerous rats is due to mobilization of the fat stores 
in response to an increased caloric requirement of 
the host or to hormonal disturbance. They have 
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suggested more recently that it may be due to 
mobilization of the fat stores in response to the 
tumor’s demand for unsaturated fatty acids 
needed for the formation of phospholipid and 
cholesterol esters in the tumor (6). 

These hypotheses appear unconvincing as an 
explanation for the extreme hyperlipemia. It is 
difficult to envision the necessity for mobilizing 
more fat when the blood already contains large 
quantities of it. The combination of impaired en- 
trance and unimpaired exit of lipid to and from the 
fat stores, together with continued absorption of 
dietary lipid, could account for hyperlipemia and 
depletion of the carcass lipids. It would be of 
interest to determine whether fat deposition can 
occur in a tissue in a state of protein catabolism. 

The hyperlipemia might also be attributed to 
hyperfunction of the adrenal cortex. Cortisone 
(10) but not ACTH (8) produced visible hyper- 
lipemia and fatty livers in rats. Preliminary in- 
vestigation in this laboratory revealed no increase 
in plasma lipid content of rats treated with suf- 
ficient ACTH to prevent growth. Daily adminis- 
tration of 3 mg. of cortisone for 12 days to three 
rats raised the plasma total lipid to only 480 
mg/100 ml. Attempts to prevent hyperlipemia by 
adrenalectomy of force-fed tumor-bearing rats 
have been unsuccessful owing to early deaths. 

The composition of the livers is noteworthy for 
the similarity between the tumor-bearers and 
controls. These estimations were made in the first 
instance in anticipation of evidence indicating 
impaired lipid metabolism. The use of more ade- 
quate diets than the Ingle high fat diet fed 
originally suggests that if there is any such impair- 
ment the liver is not involved. 


SUMMARY 

The effects of the Walker 256 carcinoma have 
been studied in male rats force-fed high fat, 
carbohydrate, and protein diets until the tumor 
attained a size of approximately 20 per cent of the 
body weight. 

The loss of nitrogen and fatty acids from the 
carcasses of tumor-bearing rats was diminished 
but not prevented by forced feeding. 

The total lipid content of the plasma was 
variable and reached very high values in tumor- 
bearing rats fed high fat diets. Increases in phos- 
pholipid and total cholesterol accounted for only a 
small fraction of the increase, which is presumably 
owing to neutral fat. 

The nitrogen, total lipid, and phospholipid con- 
tents of the livers of tumor-bearers were similar to 
those of control rats. 
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Detection of Metastatic Tumor Cells by Intra- 


peritoneal Inoculation of Organ Brei 


from Tumor-bearing Mice“ 


Horace BARBARA R. JEFFRIES, ARNOLD M. Jones, AND WALKER 


(Cancer Research Laboratories, Meharry Medical College, Nashville, Tenn.) 


As early as 1889 the pioneer of animal tumor 
transplantation, A. Hanau (18), recorded the de- 
tection of metastases in lymph nodes of a rat by 
subcutaneous transfer into other rats. Gierke (14) 
in 1908 attempted “not always successfully” to 
transfer tumor metastases from the lung of the 
mouse. The interest in this method increased in 
1927 after Blumenthal and Auler (1) interpreted 
their induction of a subcutaneous tumor by spleen 
brei from a tumor-bearing rat as indicating the 
presence of “‘cancer virus” in apparently normal 
tissue. Experiments in this direction were con- 
tinued by several authors (9, 12, 13, 17, 26, 29, 
34). Finally, Woglom (40) showed by a crucial 
demonstration that the presence of even a few 
metastatic tumor cells in apparently normal tis- 
sues accounts for growth of tumors by their inocu- 
lation. 

It occurred to us that by using the intra- 
peritoneal route for inoculation, it might be pos- 
sible to avoid the nonspecific tissue reactions often 
observed in skin injected with organ brei. We have 
reported previously (15) that intraperitoneally 
injected mashed organs disappeared from the 
peritoneal fluid within a few days, while tumor 
cells of mashed tumors multiplied in this fluid as 
free cells. Accordingly, we have used the peritoneal 
cavity as a location that selectively promotes the 
growth of tumor cells inoculated together with a 
high number of normal cells. This would seem to 
make it a favorable site for detection of tumor 
cells in the blood and organs of mice bearing 
tumors at various sites of their bodies. 


MATERIAL AND METHODS 


Tumors and mouse strains—Two sarcoma strains—S-37 
and S-180—were carried in CFW mice in serial intraperitoneal 
transfers as free cells growing in the peritoneal fluid (15). 


* This work was carried out under Contract At-(40-1)-269 
with the Division of Biology and Medicine, United States 
Atomic Energy Commission. 


Received for publication January 25, 1953. 


Carcinoma E 0771 was transferred serially in C57B1/6 strain 
of mice by the same method; and mouse carcinoma strains 
Barrett (C3H/Am) and H-2712 were transferred in C3H 
mice by using mashed peritoneal implants (owing to a scarcity 
of tumor cells in the fluid). 

Pattern of the experiment.—Groups of mice inoculated with 
tumor cells of the same strain, by the same route, and desig- 
nated as “‘donors of organs’’ were sacrificed serially, at various 
time intervals, and bled. Their livers, kidneys, spleens, lungs, 
and brains were mashed separately, and the brei of each 
organ, as well as the withdrawn blood, were injected intra- 
peritoneally into new mice. These mice recipients of organ 
brei were periodically examined for gross evidence of tumor 
growth in their peritoneal cavity, for the presence of tumor 
cells in their peritoneal fluid, and, finally, at the autopsy, for 
tissue characteristics of any implant. Positive results of these 
examinations—i.e., evidence of tumor growth in the peritoneal 
cavity—were interpreted as a demonstration of the presence 
in inoculated material of viable tumor cells spread from the 
primary tumor growth by implantation and by metastasis. 

Inoculation of tumor cells into “‘donors.’’—Large numbers of 
tumor cells (50 to 100 million) were inoculated into prospec- 
tive “‘donors of organs’”’ to obtain abundant primary growth. 
Technics of intraperitoneal and intrapleural inoculation of 
requisite numbers of cells were described elsewhere (15, 16). 
For the site of subcutaneous inoculation, we used two areas, 
topographically distant: (a) the flank (left) and (6) the scalp. 
The site of intramuscular injection was the left thigh. 

Inoculation of mashed organs from “‘donors’’ into “‘recipi- 
ents.”’-—Blood of each sacrificed donor was withdrawn with a 
capillary pipette (about 0.2 ml.) from the right heart and in- 
jected intraperitoneally, while still fluid, into the recipient. 
Organs from serous cavities were rinsed twice in 0.85 per cent 
NaC] solution before mashing in order to avoid any contamina- 
tion of the organ brei with serous fluid which might contain 
tumor cells. In several instances samples of the third rinsing 
fluid were injected intraperitoneally into new mice, and speci- 
mens of peritoneal fluid from these mice were examined at 
various intervals. In no instance were tumor cells found in 
these smears. It was presumed, therefore, that any growth 
from twice-rinsed organs could hardly be attributed to con- 
tamination with tumor cells from serous exudate. Each organ 
was mashed in about 3 ml. of 0.85 per cent NaCl solution, 
and about 1 ml. of the brei suspension was injected intra- 
peritoneally into the mouse. 


1Tumor Strains E 0771 and H-2712 and Mouse Strains 
C3H and C57B1/6 were obtained from R. Jackson Memorial 
Laboratory, Bar Harbor, Maine; CFW Strain from Carworth 
Farms, New City, New York; Barrett Carcinoma (C3H/Am) 
through the courtesy of Dr. M. K. Barrett, National Cancer 
Institute. 
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Recording of the results—Recipients of organ brei were 
usually examined after 10 days, after 15 to 20 days if they 
survived, and, in rare instances, later. The examination in- 
cluded withdrawal of a specimen of peritoneal fluid for micro- 
scopic test, palpation of the abdomen, and, ultimately, the 
autopsy. We described previously (15) the ‘“‘auto-inoculation’”’ 
of the abdominal wall with tumor cells from peritoneal filuid— 
j.e., tumor tissue growth at the sites of inoculating or explora- 
tory abdominal punctures. The sharply localized ingrowth 
of tumor cells from the fluid into the serosa and subcutaneous 
tissue made easier the detection of positive results of organ 
transfers, in particular, if only a small number of tumor cells 
were inoculated with the organs. Occurrence of either free tumor 
cells in the peritoneal fluid or of implants in the peritoneal 
cavity was recorded as a positive result. 


RESULTS 


In control experiments none of the CFW, C57, 
or C3H mice injected intraperitoneally with 
mashed organs of normal mice presented, at the 
autopsy (after 7 days), any evidence of new 
growth or of a tissue reaction. However, their 
abdomens were often distended by about 0.5 ml. 
of peritoneal fluid containing mostly macrophages; 
while in new mice the amount of fluid was not 
above 0.2 ml. and the proportion of macrophages 
not more than 15 per cent. These results do not 
support the contention of some authors (4, 22) 
that the gross picture of ascites and the resulting 
increase in body weight may be accepted as 
criteria for the demonstration of tumor cell growth 
in peritoneal fluid. 

In control CFW mice inoculated with free 
tumor cells from the peritoneal fluid, 1.e., a suspen- 
sion of tumor cells without any trace of tissue, the 
peritoneal cavity, after 4-6 days, generally con- 
tained a copious amount (about 1 ml.) of fluid 
containing tumor cells, and eventually a small 
tumor appeared at the site of puncture. However, 
in mice inoculated with a mixture of free cells and 
mashed organs there were, in addition to the above 
types of growth, several small circular tumors on 
visceral serosa (20). 

In summarizing our experiments, we have re- 
corded for each group of mice bearing primary 
tumors of the same strain, same age, and same 
localization, the frequency of intraperitoneal 
growth from their organs inoculated into new 
mice; i.e., the frequency in these organs of tumor 
cells transported from the site of primary growth 
by implantation and by metastasis. The data on 
all groups were tabulated separately for each 
tumor strain. It appears from Tables 1—5 that each 


tumor strain showed, under similar experimental 


conditions, a difference in the rate of growth and 
the frequency and localization of tumor cell spread 
into organs. Thus, in all groups of mice with 
primary growth of Sarcoma 37, these cells were 
detected at an earlier stage after inoculation, in a 


higher percentage of animals, and in a greater 
variety of organs than in mice with other tumors 
(Table 1 as compared to Tables 2-5). The dif- 
ference between the two sarcoma strains, 37 and 
180 was significant, but only quantitative (Tables 
1 and 2). However, carcinoma strains (Tables 3, 4, 
and 5) showed, besides considerable delay in ap- 
pearance of metastases, some peculiarities of their 
distribution, such as extreme scarcity of brain 
metastases from the primary carcinoma E 0771 
(Table 3), lack of metastases from the scalp for 
the primary Barrett carcinoma (Table 4), absence 
of metastases in abdominal organs from intra- 
pleural carcinoma H-2712 (Table 5), ete. 

On the other hand, within this wide range of 
variations, the following common factors ap- 
peared to be significant for metastatic growth from 
primary tumors of all strains: 

a) Site of primary tumor growth.—Organs from 
donors bearing their primary growth in serous 
cavities, particularly in the peritoneal cavity, 
induced intraperitoneal tumors in the majority of 
recipients. The next highest percentage of tumor 
growth from organs was recorded for donors with 
the primary neoplasm in subcutaneous tissues of 
the flank; a lower frequency was found in bearers 
of intramuscular tumors, and the poorest results 
in donors having primary subcutaneous tumors in 
their scalps, in spite of the large size of these tu- 
mors. 

b) Age of primary tumor growth.—As a rule, the 
percentage of positive results of organ inoculation 
increased with the age of primary tumor growth 
in donors. For instance, metastatic cells were 
detected only in later stages of primary carcinoma 
Barrett or carcinoma H-2712 growth (Tables 4 and 
5). 

c) Number of tumor cells in organs.—Organs of 
mice bearing large S-37 tumors in their scalps in- 
duced a considerable number of tumors in recipi- 
ents, but only following a long interval (20 days) 
after moculation (Table 1). Since S-37 grows fast, 
this delay in the growth can be attributed only to 
the scarcity of viable tumor cells in moculated 
organs. Late positive results of organ moculation 
were recorded also in some groups with other 
tumors, in particular for Ca H-2712 (Table 5). 
Thus, the scarcity of tumor cells i organs was 
reflected by the delay of their growth into sizable 
tumors but, apparently, without decrease in their 
frequency. However, it was noted that slowly 
growing tumors in recipients had a tendency to 
become necrotic and to regress. Thus, some in- 
stances of initial tumor growth from organs could 
have been missed. 
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DISCUSSION and frequency of metastases for five different 


The purpose of this paper was to describe a tumor strains. 
practical method for serial detection in tumor- The principle of detection of metastatic tumor 
bearing mice of metastases in various organs with cells by inoculation of organ brei is not new, as it 
a minimum of pseudopositive or pseudonegative was pointed out in our introduction, but only sub- 
results; to study with the aid of this method the cutaneous and intramuscular routes of inoculation 
spread of metastases from primary tumors grown were explored and for the most part in a very 
at various sites of the body; and to outline, on the small series of animals (1, 2, 12, 13, 14, 17, 18, 26, 
basis of these results, the pattern of localization 27, 29). The use of the intraperitoneal route in our 


TABLE 1 
GROWTH OF TUMOR CELLS FROM THE BLOOD AND THE ORGANS OF S-37-BEARING CFW MICE 


FREQUENCY OF TUMOR GROWTH IN MICE 
(Recipients of i.p. injected blood and mash from the 


TUMOR GROWTH IN MICE following organs of mice donors) 
DONORS OF ORGANS Interval between 
Age of growth inoculation of mice 
at the date of recipients and 
Site of tumor the autopsy _ their examination 
growth (days) (days) Blood Liver Spleen Kidney Lung Brain 
Peritoneal cavity 1 10 0 1 2 0 0 0 
2 ll 0 5 6 4 0 0 
3 11 Q 8 8 6 4 Q 
3 11 4 10 7 8 6 5 
5 11 3 10 8 10 7 4 
Pleural cavity 1 10 0 0 0 0 4 0 
2 10 0 0 0 1 4 0 
3 10 4 10 3 9 10 3 
5 11 9 4 8 8 
Subcutaneous Q 10 0 0 0 0 0 0 
tissue: 5 ll 2 0 3 2 4 0 
Flank 10 ll 5 6 8 8 4 0 
Scalp 11 10 0 0 0 0 0 0 
11 20 3 6 3 3 6 6 
Muscle of the 5 10 0 0 0 0 0 0 
thigh 15 10 Q 0 3 Q 4 0 
15 15 5 0 6 8 5 0 


Ten mice were used in each group. For criteria of growth see “Material and Methods.”” Mice were examined more fre- 
quently than indicated, but slight changes in the frequency of tumor growth at successive examinations were not recorded. 


TABLE 2 
GROWTH OF TUMOR CELLS FROM THE BLOOD AND THE ORGANS OF S-180-BEARING CFW MICE 


FREQUENCY OF TUMOR GROWTH IN MICE 
TUMOR GROWTH IN MICE (Recipients of i.p. injected blood and mash from the 
DONORS OF ORGANS following organs of mice donors 
Interval between 
Age of growth inoculation of mice 


| at the date of recipients and 
Site of tumor the autopsy their examination 
growth (days) (days) Blood Liver Spleen Kidney Lung Brain 
Peritoneal cavity 1 10 0 0 0 0 0 0 
2 10 0 0 0 0 2 0 
7 10 2 8 6 8 9 + 
6 10 2 + 3 3 7 2 
6 15 0 6 + 3 9 1 
Pleural cavity 4 10 0 1 0 0 1 0 
8 10 5 6 3 9 10 2 
Subcutaneous tissue: 6 10 0 1 0 1 3 0 
10 10 0 4 6 6 4 0 
12 10 0 6 4 3 6 0 
Scalp 8 10 0 0 0 0 2 2 
11 20 0 1 0 0 4 3 
Muscle of the thigh 4 10 0 0 0 0 4 0 
+ 17 2 0 0 0 6 0 


Ten mice were used in each group. For criteria of growth see “Material and Methods.” Mice were examined more fre- 
quently than indicated, but slight changes in the frequency of tumor growth at successive examinations were not recorded. 
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TABLE 3 


il GROWTH OF TUMOR CELLS FROM THE BLOOD AND THE ORGANS OF 
CARCINOMA E 0771-BEARING C57BL/6 MICE 
FREQUENCY OF TUMOR GROWTH IN MICE 
(Recipients of i.p. injected blood and mash from the . eg 
or TUMOR GROWTH IN MICE following organs of mice donors) eee 
it DONORS OF ORGANS Interval between _seeee 
] Age of growth inoculation of ee 
b- at the date of __ recipients and 
on the autopsy __ their examination 
Site of tumor growth (days) (days) Blood Liver Spleen Kidney Lung Brain 
‘YY Peritoneal cavity 2 15 0 0 0 0 1 0 oe 
6, 4 15 0 0 0 0 1 0 = ae 
Ir 10 14 0 + 8 3 7 0 ae 
10 20 0 + 9 3 8 0 
Pleural cavity 7 10 0 2 7 6 8 0 
Subcutaneous tissue: 3 20 0 0 0 0 0 0 
Flank 5 20 0 0 0 0 0 0 
12 10 0 0 0 0 6 0 
12 20 0 6 $ 0 7 0 
Scalp 13 10 0 0 0 0 4 2 
Muscle of the thigh 10 10 0 0 0 0 4 0 
10 20 0 0 0 0 9 0 


Ten mice were used in each group. For criteria of growth see “Material and Methods.” Mice were examined more fre- 
quently than indicated, but slight changes in the frequency of tumor growth at successive examinations were not recorded. 


TABLE 4 


GROWTH OF TUMOR CELLS FROM THE BLOOD AND THE ORGANS OF 
BARRETT CARCINOMA-BEARING C3H MICE 


FREQUENCY OF TUMOR GROWTH IN MICE 
(Recipients of i.p. injected blood and mash from the 


TUMOR GROWTH IN MICE following organs of mice donors) 
DONORS OF ORGANS Interval between 
Age of growth inoculation of 
at the date of recipients and 
Site of tumor the autopsy __ their examination 
growth (days) (days) Blood Liver Spleen Kidney Lung Brain 
Peritoneal cavity 12 12 0 8 6 7 7 3 
15 10 0 5 7 8 7 1 
20 10 0 6 + 6 8 0 
30 10 0 8 7 6 8 0 
30 10 0 8 9 9 10 0 
Pleural cavity 8 10 0 2 0 0 10 0 
12 10 0 3 1 8 10 0 
12 20 0 7 1 8 10 0 
Subcutaneous tis- 
sue: 5 10 0 0 0 0 3 0 
Flank 12 10 0 0 Q 0 8 0 
Scalp 15 15 0 0 0 0 0 0 
Muscle of the thigh 20 10 0 2 0 0 7 0 


Ten mice were used in each group. For criteria of growth see “Material and Methods.” Mice were examined more fre- 
quently than indicated, but slight changes in the frequency of tumor growth at successive examinations were not recorded. 


TABLE 5 


GROWTH OF TUMOR CELLS FROM THE BLOOD AND THE ORGANS OF 
CARCINOMA H-2712-BEARING C3H MICE 


FREQUENCY OF TUMOR GROWTH IN MICE 
(Recipients of i.p. injected blood and mash from 


TUMOR GROWTH IN MICE the following organs of mice donors) 
DONORS OF ORGANS Interval between 
Age of growth inoculation of 
at the date of recipients and 
Site of tumor the autopsy _ their examination 
growth (days) (days) Blood Liver Spleen Kidney Lung Brain 
Peritoneal cavity 20 10 0 3 4 2 8 0 
20 20 0 8 5 7 9 0 
Pleural cavity 20 20 0 0 0 0 5 0 
Subcutaneous tissue: 20 10 0 0 0 0 0 0 
Flank 20 20 0 1 0 2 6 0 
Scalp 20 20 0 2 0 0 5 0 
Muscle of the thigh 20 20 0 1 0 0 3 0 


Ten mice were used in each group. For criteria of growth see “Material and Methods.”’ Mice were examined more fre- 
quently than indicated, but slight changes in the frequency of tumor growth at successive examinations were not recorded. 
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experiments eliminated nonspecific reactions in 
subcutaneous or muscle tissue (swelling, necrosis, 
granulations, scar formation) which frequently 
obliterate growth from small inocula or simulate a 
tumor in negative cases. Moreover, the growth of 
tumor cells from intraperitoneally inoculated ma- 
terial could be identified, in the majority of mice, 
by rapid examination of smears from peritoneal 
exudate. Thus, it was technically easy to obtain 
clear-cut results in a large number of mice serially 
inoculated with brei of various organs. Further- 
more, primary tumors were grown in mice donors 
of organs at various body sites selected to produce 
lymph-borne metastases (by inoculation of the 
flank), blood-borne metastases (from scalp tumor), 
or serous fluid-borne implantation and metastases 
(from free tumor cell growth in the peritoneal or 
the pleural exudate). 

It should be pointed out that our positive re- 
sults constitute some evidence that a sufficient 
number of cells from primary neoplasms have 
reached several organs (7), but they do not indi- 
cate whether these tumor cells started to pro- 
liferate before their transfer with the organ brei 
into new mice. Moreover, our negative results do 
not exclude the occurrence in the organ of a very 
low number of tumor cells or their inhibition by a 
defense reaction in the recipient (3, 19, 37). 

Our data illustrate the spread of metastatic 
cells from various initial points (various sites of 
primary neoplasms of various strains) to various 
end points (various organs) and suggest the 
analogy between these results and the data of 
human pathology. 

a) Fluid-borne implantation and metastases.—It 
is understandable that imtraperitoneally inocu- 
lated tumor cells floating in the peritoneal fluid 
penetrated into open stomata between the cavity 
and the lymphatics (10) or nestled below the 
visceral peritoneum by damaging the lining, in- 
ducing a coagulum and stimulating an ingrowth 
of fibroblasts (30). It is possible that tumor cell 
implantation from serous fluid on the surface of 
abdominal organs resulted eventually in metas- 
tases comparable to transcoelomic metastases of 
human tumors (39), while in other cases there was 
only local invasion of the organ surface. This 
problem is under investigation. 

b) Lymph-borne metastases.—Serial autopsies of 
mice with flank tumors showed progressive infil- 
tration of lymphatics and lymph nodes in the ab- 
dominal wall with tumor growth reaching peri- 
toneal serosa in most animals. This process seemed 
to be analogous to the spread of human metas- 
tases by “lymphatic permeation” or by emboliza- 
tion (39). 


c) Blood-borne metastases.—Tumors were grown 
from the blood of mice bearing 8-37 cells at any 
site of their bodies, mostly in later stages of their 
growth (Table 1), less often in mice with S-180 
growth, and never in animals inoculated with 
carcinoma strains. Previous reports on occurrence 
of S-37 cells in the blood (21, 29) and of cells from 
other sarcoma strains (24, 25) showed extensive 
variations in the frequency of these results, de- 
pending apparently on the age and the site of 
primary tumors (Table 1). Our negative results 
with carcinoma strains did not exclude an inter- 
mittent occurrence, at long time intervals, of 
tumor emboli in the blood. Indeed, metastases in 
the lungs and in the liver from carcinoma growing 
in the scalp were obviously blood-borne, and so, 
probably, were the metastases from the thigh. 
The observation that they were localized frequent- 
ly in the lung, rarely in the liver, and not at all in 
other organs (Tables 3, 4, and 5) is in agreement 
with the known tendency of human tumor emboli 
liberated into the blood stream to be arrested by 
the first capillary bed of the systemic blood in the 
lung and those of portal blood by the liver (28, 35, 
39). 

Our results agree with observations of early 
workers on the localization of metastases from 
slowly growing subcutaneous mouse tumors main- 
ly in the lungs, and exceptionally in the liver (14, 
27), on the distribution of metastases in animals 
after intravenous injection of tumor cells (23, 31- 
33, 36), and on high frequency of implantation and 
metastases from intraperitoneally inoculated sar- 
coma (25). While our results support the hypothe- 
sis that local tissue invasion is a prerequisite to 
the formation of blood-borne metastases (8) and 
that localization of metastases depends primarily 
on the availability of tumor emboli and the ana- 
tomical distribution of the vascular system (6, 7, 
8, 11, 28), our data may suggest that the avail- 
ability of tumor emboli depends on the opportuni- 
ties for tumor cells or clumps to get separated, 
owing to their reduced adhesiveness (5), from the 
neoplastic tissue, as in serous fluid or in edematous 
connective tissue. Moreover, our results may be 
interpreted as illustrating a parallelism between 
the growth rate of neoplasms and their tendency 
to induce metastases. 

The method outlined above for detection of 
metastatic cells may be used for the study of the 
mechanism of metastatic processes in transferable 
mouse tumors. Moreover, it may be applied for 
screening the effect of various physical and chem- 
ical agents on tumor cells transported into organs 
from the primary growth. We are studying the 
effect of radioactive colloidal gold on metastatic 
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tumor cells in mice, and the results will be reported 
separately. 


SUMMARY AND CONCLUSIONS 


1. Intraperitoneal inoculation of mashed organs 
or blood from tumor-bearing mice resulted, in 
numerous instances, in peritoneal growth in new 
mice. These results were attributed to the presence 
in the inoculated material of viable tumor cells 
spread from the primary growth by implantation 
and by metastasis. 

2. By the use of this method in mice bearing 
tumors of various strains (two sarcomas: S-37 and 
S-180; three carcinomas: E 0771, Barrett’s 
[(C3H/Am] and H-2712) at various sites of their 
bodies, it was found that the frequency and distri- 
bution of metastatic cells in various organs showed 
different patterns for various tumor strains and 
depended, for the same tumor strain, on the site 
and the age of primary tumor growth. The number 
of metastatic cells in an organ was reflected by the 
rate of growth of intraperitoneal tumors induced 
by inoculation of this organ. 

8. Discussion of the data correlating the site of 
localization of metastatic cells (certain organs) 
with the site of their origin (site of the primary 
neoplasm) indicated the spread of these cells from 
the primary tumor by routes of serous fluids, 
lymph, and blood. 

4. Application of the outlined method of de- 
tection of metastatic cells for the study of metas- 
tases from transferable tumors and for the screen- 
ing of metastases-inhibiting agents is suggested. 
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Occurrence of Pulmonary Tumors in Strain A Mice Fol- 


lowing lotal-Body X-Radiation and Injection 
of Nitrogen Mustard 


W. E. Heston, Econ Lorenz, AND Marcaret K. DERINGER* 


(National Cancer Institute, Bethesda 14, Md.*) 


One of the sources of evidence for the somatic 
mutation hypothesis of cancer is in studies of cor- 
relation between mutagenic and carcinogenic ca- 
pacities of physical and chemical agents. Tests in 
this laboratory have suggested a positive correla- 
tion within the limits of three mustard compounds. 
Both the nitrogen mustard, methylbis (2-chloro- 
ethyl)amine hydrochloride, and sulfur mustard, 
bis(2-chloroethyl) sulfide, were shown to be strong 
carcinogens in the induction of pulmonary tumors 
when injected intravenously into strain A mice 
(9, 10). Both had been demonstrated to be strong 
mutagens when tested on Drosophila and micro- 
organisms,! and recently Falconer, Slizynski, and 
Auerbach (6) have reported genetic changes in the 
progeny of mice treated with nitrogen mustard. 
On the other hand, mustard oil, allyl iso-thiocya- 
nate, that Auerbach and Robson (3) found to be a 
weak mutagen when tested on Drosophila, did not 
significantly increase the occurrence of pulmonary 
tumors in strain A mice. 

Such studies are logically extended to the ob- 
servation of the effect of combining agents which 
individually have carcinogenic effects and for 
which additive mutagenic effects have been dem- 
onstrated. Radiation and the mustards comprise 
such combinations. The carcinogenic action of 
radiation has long been established, and, in the 
work of Lorenz et al. (21), an increase in the 
occurrence of lung tumors in strain A mice was 
observed following exposure to chronic gamma 
radiation, and later such an increase was also ob- 
served following fractionated acute x-radiation 
(18). Aside from the demonstration of an increase 
in pulmonary tumors in strain A mice injected 
with nitrogen and sulfur mustard (9, 10), carcin- 

* With the technical assistance of Wayne D. Levillain. 


t National Institutes of Health, U.S. Public Health Service, 
U.S. Department of Health, Education, and Welfare. 


Received for publication February 4, 1953. 


1 For review see C. Auerbach (2). 


ogenic action of nitrogen mustards has also been 
demonstrated by Boyland and Horning (5) for 
other strains, and by Griffin, Brandt, and Tatum 
(7) for rats as well as for mice. Additive mutagenic 
effects of radiations and mustards have been ob- 
served by a number of investigators. Auerbach (1) 
observed an additive effect of x-radiation and 
mustard gas in increasing mutation rate in Dro- 
sophila. Swanson and Goodgal (25) found that 
pretreatment with nitrogen mustard increased the 
mutagenic effect of ultraviolet light on Aspergillus, 
and Swanson, McElroy, and Miller (26) observed 
a similar effect in Neurospora. Kaufmann, Gay, 
and Rothberg (16) recorded an increase in chro- 
mosomal rearrangements in Drosophila treated 
with nitrogen mustard and pretreated with infra- 
red radiation over that in those treated with 
nitrogen mustard alone. With such observations as, 
a background, a project was outlined and carried 
out for ascertaining whether or not an additive 
effect of x-radiation and nitrogen mustard could be 
demonstrated in the induction of pulmonary 
tumors in strain A mice. 


MATERIALS AND METHODS 


The mice used in these studies were the highly inbred 
strain A that has been used extensively in studies on pulmonary 
tumors. The incidence of pulmonary tumors in untreated 
mice of this strain is approximately 90 per cent in animals 18 
months of age and 50 per cent in animals 12 months of age 
(8). No sex difference in incidence has been observed. 

Two hundred fifty-six strain A mice 2 and 3 months of age 
and equally divided as to sex were distributed in four groups; 
group I, the controls; group II, those to receive x-radiation; 
group III, those to receive nitrogen mustard; and group IV, 
those to receive x-radiation plus nitrogen mustard. Litter- 
mates were distributed among the four groups. The animals 
were kept in plastic cages with eight animals in each cage 
and with the sexes separated. They were fed Derwood pellets 
and were given an unlimited supply of tap water. 

The mice of groups II and IV were given a single total- 
body exposure of 900 r x-radiation. The irradiation condi- 
tions were: 186 kvP, 20 m. amp., 0.25 mm. Cu + 1.06 mm. Al. 
Two tubes opposite each other were used to obtain a uniform 
tissue dose; their foci were 54 cm. from the center of the mice. 
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They gave a dosage rate of 93 r per minute. Since this dose 
of 900 r is 100 per cent lethal, the spleens of the mice were 
surgically exteriorized and shielded in leaden chambers accord- 
ing to the procedure described by Jacobson and co-workers 
(12). This procedure effectively protects against the lethal 
effects of such a dose. 

At the same time that the mice of groups II and IV were 
irradiated, those of groups I and III were subjected to a mock 
spleen-shielding operation to make their treatment comparable 
with the irradiated groups in this respect. Ten days later, 
when the animals had recovered sufficiently from the spleen 
operation and irradiation to receive nitrogen mustard, those 
of group III, that had been subjected to the mock spleen- 
shielding operation, and those of group IV, that had been 
irradiated with their spleens shielded, were each given an 
injection in the caudal vein of 0.025 mg. nitrogen mustard, 
methylbis(2-chlorethyl)amine hydrochloride, in 0.25 ce. 
distilled water. Two days later these animals were given a 
second similar injection. 


number of nodules for the group was 0.7. In group 
II, which received x-radiation alone, pulmonary 
tumors were observed in seven of the 27 males and 
in six of the 28 females, i.e., 24 per cent of the total 
number. The mean number of nodules in this 
group was 0.6. Thus, the irradiated animals did 
not show an increase in occurrence of pulmonary 
tumors, as could have been expected from previous 
observations of irradiated strain A mice. The 
incidence was actually lower in the irradiated 
group, but the difference was not statistically 
significant; X? = 3.24; P is between 0.05 and 0.10. 
Nor was the difference between the mean number 
of nodules significant; ¢ = 0.645; P is between 0.5 
and 0.6. 


TABLE 1 
OCCURRENCE OF PULMONARY TUMORS IN MICE TREATED WITH X-RADIATION AND NITROGEN MUSTARD 
Av. No. 
Per cent AV.NO. MONTHS 
TREAT- MONTHS AFTER TREATMENT* WITH NOD- AFTER 
Group MENT 3 4 5 6 7 8 9 10 11 TOTAL TUMORS ULES TREATMENT 
I Control 0/1 0/2 1/5 3/9 0/4 3/5 1/6 17/32 25/64 39 0.7 9.3 
II X-radia- 0/2 1/3 0/3 0/5 0/5 2/9 1/ll 2/3 7/16 13/55 24 0.6 8.4 
tion 
Ill HN; 1/1 1/1 3/4 9/10 10/10 7/8 24/25 55/59 93 4.2 9.6 
IV X-radia- 0/1 1/1 1/7 1/7 0/5 5/11 2/6 11/17 21/55 38 an 8.8 
tion+ 
HN: 


* Number with tumors/number autopsied. 


All animals were weighed at the time of the spleen operation 
and irradiation, 3 days later, at the time of each injection, 2 
weeks later, and, subsequently, at 4-week intervals. 

Approximately 9 per cent of the animals died within a few 
days after the treatment or died at a later date and were 
eaten by their cage mates or were too autolyzed for examina- 
tion. Autopsy records were obtained on all other animals 
when they were found dead or moribund during the course of 
the experiment or at 11 months after the spleen operation and 
irradiation, at which time all remaining animals were killed 
and examined. Any lung nodules or other neoplasms that were 
found were saved for histologic examination, as were the 
sternum, a lymph node, spleen, ovaries or testes of each ani- 
mal, and the eyes of the irradiated animals. Tissues from 
about half of the animals were fixed in Fekete’s modification 
of Tellyesniczky’s fluid? and those from the other animals 
were fixed in a fluid* devised for decalcifying the bone. All 
sections were stained with hematoxylin and eosin. 


RESULTS 


The occurrence of pulmonary tumors in the 
animals of the four groups is listed in Table 1. In 
the 64 animals of the control group I, pulmonary 
tumors were found in twelve of the 32 males and 
in thirteen of the 32 females, or in 39 per cent of 
the total number of animals. The over-all mean 


270 per cent ethyl alcohol, 20 parts; formalin, 2 parts; 
glacial acetic acid, 1 part. 


’ This fixative formulated by W. D. Levillain consisted of 
70 per cent ethyl alcohol, 200 cc.; formalin, 20 cc.: trichloro- 
acetic acid, 10 gm.; urea, 0.8 gm. 


In group III, which received nitrogen mustard 
alone, pulmonary tumors occurred in 27 of the 29 
females and in 28 of the 30 males—or in 93 per 
cent of the total number. This incidence was sig- 
nificantly greater than that in the control group; 
X? = 39.6; P < 0.01; and significantly greater 
than that in the group receiving x-radiation alone; 
X? = 59.8; P < 0.01. The average number of 
tumors in the group receiving nitrogen mustard 
alone was 4.2, which was significantly greater than 
that in the control group; ¢t = 7.09; P < 0.01; and 
significantly greater than that in the group receiv- 
ing x-radiation alone; ¢ = 7.11; P < 0.01. 

Group IV, which received x-radiation plus 
nitrogen mustard, showed not only no increase in 
occurrence of pulmonary tumors over that in the 
group receiving nitrogen mustard alone, but also 
a decrease to approximately the incidence in the 
control group. Eight of the 24 females and thirteen 


of the 31 males, or only 38 per cent of the total 


number in group IV had pulmonary tumors. This 
incidence was significantly less than that in group 
III; X? = 38.8; P < 0.01; but not significantly 
different from that in the control group I; X? = 
0.0097; P is between 0.90 and 0.95; or from that in 
group II; X? = 2.72; P is between 0.05 and 0.1. 
The average number of nodules in the irradiation 
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plus nitrogen mustard group was 1.1 which was 


_ significantly less than that of group IIT; ¢ = 6.138; 


P < 0.01; but not significantly greater than that 
of the control group; t = 1.37; P is between 0.1 
and 0.2; or that of group II; ¢ = 1.73; P is be- 
tween 0.05 and 0.1. 

Neoplasms of the blood-forming organs oc- 
curred in eight animals of groups I, II, and III.‘ 
One male and one fernale of the x-radiated group 
had reticulum-cell sarcomas at 7 and 10 months, 
respectively, after treatment. Another female of 
the same group at 6 months postirradiation had 
what was classified as lymphocytic leukemia; it 
was atypical in that the cells were large with in- 
dented or bean-shaped nuclei and with relatively 
more cytoplasm than is characteristic of typical 
lymhocytic leukemia. Furthermore, the cells 
were more clumped than in the typical lympho- 
cytic leukemia. A fourth animal, a female, of the 
x-radiated group had what was probably a Hodg- 
kin’s-like lesion at 9 months postirradiation, but 
because of post mortem changes, this diagnosis 
was uncertain. T'wo females of the group receiving 
nitrogen mustard alone had what was classified as 
Hodgkin’s-like lesions at 5 and 11 months after the 
beginning of the experiment. One female of the 
control group developed a lymphocytic leukemia 7 
months after the experiment was set up. This, 
also, was atypical, resembling the Hodgkin’s-like 
lesions. No neoplasms of the blood-forming organs 
occurred in the animals receiving x-radiation plus 
nitrogen mustard. 

It may be significant that, of all these neo- 
plasms of the blood-forming organs, none was 
classified as a typical lymphocytic leukemia. It 
should also be noted that neither x-radiation nor 
nitrogen mustard significantly increased the inci- 
dence of this type of neoplasm. Examination of the 
hematopoietic tissues of the animals without such 
neoplasms failed to show any significant difference 
between the control group and either of the three 
treated groups. These observations are in line 
with those of Jacobson et al. (13), who found com- 
plete recovery in the hematopoietic tissue of mice 
whose spleens were protected during irradiation 
with a lethal dose. 

The only other neoplasm occurring in any ani- 
mals of this experiment was a small sarcoma, 
probably a fibrosarcoma, involving the xiphoid 
process of a control female, at 11 months after the 
beginning of the experiment. 

A rough estimate was made of the atrophy of 
the spermatogenetic elements of the tubules of the 


*The authors gratefully acknowledge the assistance of 
Dr. Thelma B. Dunn, who examined these sections and con- 
curred in the diagnoses. 


testes. Some atrophy was noted in the controls. 
The changes were slightly more advanced in those 
receiving nitrogen mustard alone, considerably 
more advanced in those receiving x-radiation 
alone, and most advanced in those receiving x-ra- 
diation + nitrogen mustard. The reduction of a 
number of viable sperm in the epididymides of the 
four groups paralleled the destruction of the 
elements in the tubules. 

A sharp distinction could be made between the 
ovaries of animals that had received radiation and 
of those that had not. None of the ovaries of the 
females receiving x-radiation or x-radiation plus 
nitrogen mustard showed any growing follicles, 
whereas growing follicles were observed in the 
ovaries of all of the control group and of the group 
receiving nitrogen mustard alone, except for one 
female of the latter group. No ovarian tumors were 
observed, but the experiment was terminated at 
11 months following irradiation, whereas the 
latent period for the irradiation-induced ovarian 
tumors is longer (22). 

The animals of group II receiving irradiation 
alone and those of group IV receiving irradiation 
plus nitrogen mustard all developed ocular lesions. 
These were comparable to those occurring in 
strain A mice that received 400 r x-radiation to the 
whole body at birth and described by Lorenz and 
Dunn (20). 

Weight curves of the four groups are shown in 
Chart 1. There was a reduction in weight following 
the spleen-shielding operation and irradiation and 
also following the mock spleen-shielding operation 
and again following the injection of nitrogen 
mustard. The weight losses were regained in all 
four groups, with the control group and the group 
receiving nitrogen mustard alone gaining con- 
siderably more weight than the groups receiving 
x-radiation and x-radiation plus nitrogen mustard. 


DISCUSSION 


This experiment did not reveal an additive 
effect of radiation and nitrogen mustard in the 
induction of pulmonary tumors in mice compara- 
ble to the additive effect of the two agents in the 
induction of mutations in Drosophila and other 
lower organisms. However, the 900 r x-radiation, 
as it was applied in this experiment with the 
spleens of the mice shielded, did not itself increase 
the occurrence of pulmonary tumors. Had the 
nitrogen mustard been given along with radiation 
administered chronically or in divided doses as 
had been formerly shown to be carcinogenic, an 
additive effect might have been revealed. The data 
do, however, reveal interesting facts and raise a 
number of interesting questions. Some of these 
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must be clarified before support for or contradic- 
tion of the somatic mutation hypothesis for the 
origin of cancer can be claimed. 

It is important to note the failure in this study 
to obtain an increase in occurrence of pulmonary 
tumors with radiation alone. In a previous study 
strain A mice exposed to 8.8 r per 8 hours each day 
until they had received a total dose of 2,400 r had a 
significant increase in incidence of pulmonary 
tumors over that of the controls (21). In the 
present study, however, a single dose of 900 r was 
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given, and the spleens were shielded during the 
irradiation. This might suggest that the shielding 
of the spleen may have some inhibiting effect on 
the carcinogenic action of the irradiation. This 
idea is supported by recent findings of Lorenz et al. 
(19). Against this assumption, however, is the 
finding of Lorenz (17) that a significant increase in 
lung tumors is also found if the total body or the 
lungs only are irradiated daily with 75 r to a total 
dose of 750 r. This indicates a direct effect of the 
irradiation. Moreover, in the experiments in which 
the lungs only were irradiated, the spleens of the 
animals were shielded. It seems more likely, there- 
fore, that the massive dose of 900 r may have 
caused changes in the lungs inhibiting tumor 
induction. Further studies must be done in com- 
paring the occurrence of pulmonary tumors in 
animals irradiated, as in the present experiment, 
with that in those receiving the same total dose in 
divided exposures without spleen protection. 

It will also be well to determine whether or not 
clamping off the splenic pedicle during injection 
of nitrogen mustard has any effect upon the induc- 
tion of tumors with this compound, since Jacobson 


et al. (14) have shown that this procedure protects 
against the lethal action of nitrogen mustard. No 
effect of the splenic operation was apparent in the 
present experiment, but the operation was done 
10 days prior to the injection of the nitrogen 
mustard. In earlier studies (9, 10), twice the 
amount of nitrogen mustard that was injected in 
the present study resulted in approximately twice 
the pulmonary tumor response, i.e., an average of 
3.5 nodules per animal 3—4 months after the injec- 
tion and seven to nine nodules per animal 10 
months after the injection. 

The failure to increase the occurrence of pul- 
monary tumors with radiation in the present ex- 
periment, whereas an increase was observed in 
former studies, might also have been owing in part 
to the fact that in the present experiment the ir- 
radiated animals showed a reduction in body 
weight as compared to the controls and to those 
recelving nitrogen mustard alone, whereas the 
chronically irradiated animals of the earlier experi- 
ment did not show a reduction in body weight. A 
number of factors that reduce body weight have 
been shown to reduce the occurrence of pul- 
monary tumors in mice (11). It is doubtful, how- 
ever, that the difference in weight could have 
caused the total inhibition observed. 

Explanation of the apparent inhibitory effect of 
the previous irradiation upon the carcinogenic 
action of the nitrogen mustard is not apparent. 
The results, however, might have been varied 
could there have been a different sequence and 
time interval of the treatments, but these were 
dictated by the effects of the treatments upon the 
animals. The animals were unable to withstand 
the spleen-shielding operation and _ irradiation 
when previously injected with nitrogen mustard, 
and after spleen-shielding and irradiation it was 
necessary to wait 10 days before the animals could 
tolerate the nitrogen mustard. The order of treat- 
ment might be reversed or the time interval 
shortened by reducing considerably the amount 
of nitrogen mustard injected. 

The inhibitory effect observed, however, is in 
line with certain observations on the action of two 
chemical carcinogens combined. Richardson et al. 
(23) observed an anticarcinogenic effect of 20- 
methylcholanthrene against the induction of liver 
tumors in rats with 3/’-methyl-4-dimethylami- 
noazobenzene when the two carcinogens were ad- 
ministered simultaneously. Jaffé (15) had previ- 
ously not observed any influence of 20-methylcho- 
lanthrene or of ethyl urethan on the carcinogenic 
action of the azo compound, but he injected a 
much smaller dose of methylcholanthrene than did 
Richardson and co-workers. Lacassagne et al. (17) 
observed an inhibition by a number of weakly 


- 
bre 
PE 
4 
| 
5 hig 
| 
¢ 
My}. 
| 
ox 
é 
Wa 
» 
Ne 
Lines 
+ 
Pa 
at 
ry ae 


Heston et al.—Tumors Following X-Radiation and Nitrogen Mustard 577 


active carcinogenic hydrocarbons upon the action 
of stronger carcinogenic hydrocarbons when the 
weaker compound was administered with the 
stronger one. Earlier, Berenblum (4) had shown 
that the induction of warts in mice by repeated 
application of tar could be almost completely pre- 
vented by the addition of mustard gas to the tar. 
A preliminary experiment in this laboratory, how- 
ever, has shown an additive effect of dibenzanthra- 
cene and nitrogen mustard in the induction of 
pulmonary tumors. 

Rusch et al. (24) have studied the effect of the 
application of ultraviolet radiation in conjunction 
with carcinogenic hydrocarbons on the induction 
of papillomas and carcinomas of the skin in mice. 
While they did not get an inhibition of the action 
of the hydrocarbon by the irradiation in a degree 
comparable to that observed in the present study, 
they failed to get an additive effect of the radiation 
and the chemical carcinogen. 


SUMMARY 


The occurrence of pulmonary tumors in strain 
A mice that had been exposed to 900 r x-radiation 
with the spleens shielded was comparable to that 
in control animals that had been subjected only 
to a mock spleen-shielding operation. 

There was a significant increase in the occur- 
rence of pulmonary tumors in strain A mice that 
had been injected with 0.05 mg. nitrogen mustard 
following a mock spleen-shielding operation. 

In strain A mice that had received 900 r x-radi- 
ation with their spleens shielded and subsequently 
had been injected with 0.05 mg. nitrogen mustard, 
the occurrence of pulmonary tumors was not sig- 
nificantly different from that of the controls or 
that of the group receiving irradiation alone and 
was significantly less than that of the group re- 
ceiving nitrogen mustard alone. 
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Attempts Io Induce Immunity against Mammary 


Adenocarcinoma in Inbred Mice 


E. J. FoLtey 


(Biological Laboratories, Schering Corporation, Bloomfield, N.J.) 


INTRODUCTION 


The literature on “tumor immunity” has been 
reviewed by Spencer (14), Woglum (18),: and, 
more recently, by Hauschka (9). Most of the in- 
vestigations were made with tumors transplanted 
either into random-bred rats or into strains of 
mice alien to the strain in which the neoplasm 
first occurred. In several instances, however, im- 
munity was produced against tumors which arose 
in inbred strains of rats (10, 11) and mice (6, 12). 
In the experiments by Lewis e al. (10, 11), im- 
munity to uniformly progressive tumors of inbred 
rats was produced following autolysis of the 
tumor as a result of surgical ligation of its blood 
supply or by its strangulation. These results and 
those of Gross (6, 7) were explained by the assump- 
tion that the tumor had mutated during repeated 
transplantations (9, 13). It was of interest to re- 
peat the ligation experiments of Lewis e¢ al. with 
strain-specific tumors in inbred mice. Accordingly, 
a series of experiments was carried out with 
mammary adenocarcinomas of C3H/He mice. 
After this work had been completed, a paper by 
Fardon and Prince (2) appeared describing similar 
experiments in which mammary carcinoma dbrB 
was studied in DBA/1 mice. 


MATERIALS AND METHODS 


C3H (Heston subline) and C57B1/6 mice, received from the 
Jackson Memorial Laboratory, and ZBC mice,! obtained 
from the surplus stock of Dr. J. J. Bittner, were used in the 
experiments. Spontaneous mammary adenocarcinomas 108 
and 21 arose in breeding females of the C3H/He strain; they 
were transplanted at approximately 3-week intervals in C3H/ 
He mice. The Z tumor was obtained from a breeding female of 
the Z strain from Dr. Bittner; it was carried in ZBC mice. These 
tumors were of the third to seventh transplant generation at 
the time the present experiments were begun. Adenocarcinoma 
E 0771 and C3H-BA, obtained from the Jackson Memorial 
Laboratory, were used in other experiments; these were 
carried by transplantation in C57B1/6 and C8H/He mice, re- 
spectively. All the tumors grew progressively in the mice speci- 
fied, killing the hosts in from 4 to 7 weeks. 


1ZBC mice are produced by mating mice of the A strain 
and Dr. Bittner’s C3H (called Z strain) to produce F; hybrids, 
and mating F; females to Z males. 
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These tumors were chosen because they differ in their 
characteristics of transplantability: Spontaneous adeno- 
carcinomas 108, 21, and adenocarcinoma Z are specific; the 
former grow progressively upon transplantation only in 
C3H/He mice and the latter only in Z or Z back cross mice 
(ZBC). In repeated trials in successive transplant generations, 
in which the C3H/He tumors were implanted into ZBC mice 
or in which the Z tumor was implanted into C3H/He mice, 
there have been no exceptions to this observation. In our ex- 
perience, adenocarcinoma C3H-BA grows progressively in 
all C3H/He mice when injected subcutaneously or intra- 
dermally as tumor cell suspensions, or when implanted by 
trocar. It grows progressively in all ZBC mice when implanted 
by trocar. It was observed that a high rate of tumor regression 
occurred in ZBC mice which had been given subcutaneous 
injections of saline suspensions of cells of adenocarcinoma 
C3H-BA. This occurred following the injection of fresh 
suspensions or sterile, incubated cell suspensions. Most ZBC 
mice in which the tumor regressed failed to grow progressive 
tumors when reimplanted by trocar. Injection of mice with 
incubated cell suspensions was, therefore, employed in certain 
experiments as a means of inducing immunity in ZBC mice. 

Adenocarcinoma C3H-BA growing in C3H/He mice was 
removed aseptically and finely minced with scissors. After the 
addition of a small quantity of saline, the tumor cell sus- 
pension was transferred to a sterile glass tissue grinder in 
which the fragments were mashed by gentle trituration. More 
saline was then added to make a 10 per cent suspension on a 
wet weight basis. Mice were injected with 0.2 ml. either of 
freshly prepared suspensions or those which had been in- 
cubated in a water bath at 37° C. for 1.5 hours. Progressive 
tumors grew in approximately one-third of the ZBC mice 
injected subcutaneously with the fresh or incubated sus- 
pensions. In the remainder, palpable tumors developed and 
then regressed, or, as happened in some instances, no evi- 
dence of tumor growth was detected. Adenocarcinoma 108, Z, 
or C3H-BA were implanted subcutaneously, either by trocar 
or by saline suspension of tumor cells, in the right scapular 
region of C83H/He or ZBC mice. 

When the tumors reached 0.75-1.0 cm. in diameter, they 
were ligated. This was accomplished in lightly etherized mice 
by firmly, but not tightly, drawing a loop of surgical thread 
around the base of the tumor made accessible by stretching 
the skin and tumor outward from the muscles of the back. 
Eight and 24 hours later, additional progressively tighter 
loops were placed around the skin pocket in which the tumor 
was enclosed. This procedure was followed in an attempt to 
facilitate absorption of products of autolysis from the tumor. 
Within an hour after ligation, the mass was engorged, and the 
skin turned to a deep purple color; this condition persisted 
for 24 hours. Drying of the tissue then began, which pro- 
gressed until finally (within 4-5 days) the tumor disappeared. 
In some cases additional loops were necessary on the $d or 
4th day to complete the process. When the tumor invaded 
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the muscle tissue, as happened in a few cases, it was not pos- 


sible to stop its progressive growth. 


In attempts to induce immunity against the 
chosen tumors, experimental mice were subjected 
to various procedures: (a) Progressively growing 
tumors in C3H/He and ZBC mice were destroyed 
by ligation. (6) ZBC mice were injected sub- 
cutaneously with incubated cell suspensions of 
adenocarcinoma C3H-BA and were kept under 
observation until spontaneous regression of the 
tumors occurred. (c) Saline cell suspensions of 
C3H-BA were also injected into the tails of 
C3H/He and ZBC mice, care being taken to miss 
the tail veins. No tumors developed in the latter. 


tumors or other preparative treatments to which 
the mice were subjected. Mice in which the first 
challenge graft failed to grow were rechallenged 
after 3 weeks. ZBC mice found to be immune to 
tumor C3H-BA were rechallenged with Z tumor. 
All mice were observed for 2 months after this 
final challenge. Details and results of the experi- 
ments are shown in Table 1. 


DISCUSSION 
These results are in agreement with those re- 
cently described by Fardon and Prince (2), who 
were unable to induce immunity in DBA/1 mice 
by ligation of mammary carcinoma dbrB. By the 


TABLE 1 
EFFECT OF PRETREATMENT ON IMMUNITY OF C3H OR ZBC MICE TO REIMPLANTED TUMORS 


No. MICE IMMUNE TO REIMPLANTED TUMOR* 
SUITABLE FOR 
RECIPIENT TEST OF C3H-BA Z 108 
TuMOR MOUSE PREPARATORY TREATMENT IMMUNITY Yes No Yes No Yes No 
108 ZBC Tumor regressed (24)T 24 23 1 0 23 
. C3H Tumor ligated (20) 15 0 15 
“ (28) 28 0 28 
(20) 20 0 20 
C3H-BA ’ 7 ‘a (47) 26 0 26 
(12) 10 0 10 
Z . Tumor failed to grow (17) 17 0 17 
as ZBC Tumor ligated (28) 21 0 21 
C3H-BA (54) 41 41 0 0 41 
Tumor cell suspension (145) 971 89 8 0 55 
injected s.c. 
. . — failed to grow in (10) 10 7 3 0 7 
tai 
: C3H Tail tumors ligated (13) 13 0 13 
Autolyzedtumorim- (15) 15 0 15 
planted 
ZBC Blood from C3H in- (7) 7 7 0 0 7 
jected 
. Mammary tissue from (8) 8 8 0 0 8 
C3H injected 


* All mice implanted as controls in these tests died of progressive tumors. 


t Figures in parentheses indicate number of mice pretreated. 
t 97 tumors regressed spontaneously. 


Tumors which developed in C3H/He mice were 
destroyed by intermittent ligation of the tails 
above the tumor with soft copper wire (5). (d) 
Fragments of an autolyzed tumor (C3H-BA, 
growing ina C3H/He mouse) ligated 24 hours 
previously, were implanted by trocar into other 
C3H/He mice. None of these developed tumors 
as a result of this implantation. (e) In other ex- 
periments, 0.5 ml. of citrated blood obtained by 
heart puncture from C3H/He mice was injected 
intraperitoneally, and mammary tissue from nurs- 
ing C3H/He mice was implanted subcutaneously 
by trocar into ZBC mice. All the mice were 
challenged for immunity by grafting fragments of 
the selected tumors subcutaneously by trocar on 
the opposite flank. These challenging implanta- 
tions were made within 2-3 weeks following dis- 
appearance of ligated or spontaneously regressed 


methods used, immunity has not been induced in 
C3H/He mice against spontaneous mammary 
adenocarcinoma 108 or adenocarcinoma C3H-BA, 
or in ZBC mice against a mammary carcinoma 
which arose in a mouse of Dr. Bittner’s Z stock. 
Similarly, in experiments not recorded in Table 1, 
no immunity has been observed in C57B1/6 mice 
against adenocarcinoma E 0771, or in C3H/He 
mice against adenocarcinoma 21. However, many 
ZBC mice were rendered immune to reimplanta- 
tion of adenocarcinoma C3H-BA, which regularly 
grows progressively following implantation by 
trocar. This could be accomplished by a number of 
procedures including prior injection of blood or 
mammary tissue from C3H/He mice. Such mice, 
although immune to adenocarcinoma C3H-BA, 
were not immune to the adenocarcinoma Z, to 
which ZBC mice are genetically susceptible. It 
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would appear that adenocarcinoma C3H-BA is a_ taneously does not lead to immunity against the 
same strain-specific tumor. 


relatively nonspecific tumor, being transplantable 
to both C3H/He and ZBC mice, as contrasted 
with spontaneous tumors 108 and 21, which grow 
progressively only in C3H/He mice, and spon- 
taneous tumor Z, which grows only in Z or in ZBC 
mice. In this respect adenocarcinoma C3H-BA re- 
sembles lymphosarcoma 6-C3H-ED, which grows 
progressively in several sublines of C3H mice and 
also in ZBC mice (3). It is probable, therefore, that 
the protection afforded ZBC mice against reim- 
plantation of adenocarcinoma C3H-BA has its 
basis in genetic differences between the tumor and 
the recipient mice. 

A similar explanation applies to the results 
which have been obtained with C3H mice which 
can be immunized against lymphosarcoma 6-C3H- 
ED by a number of procedures (3—5, 16), to those 
of Gross with mammary tumors in sublines of 
C3H mice (8), and probably also to those instances 
in which regression of tumors in rats has been 
induced by chemotherapeutic agents (1, 17). An- 
other example of the same phenomenon is shown 
by the studies of Stoerk et al. (15), who found that 
immunity to the Murphy-Sturm lymphosarcoma 
of rats could be induced by injection of homolo- 
gous lymphoid cells. Such results indicate that 
progressive growth of tumors upon transplanta- 
tion is no assurance of genetic homogeneity be- 
tween the graft and the susceptible host, and that 
immunogenetic manifestations may be observed 
following a variety of experimental procedures 
when tumors are transplanted into genetically dis- 
similar hosts or when tumors which have mutated 
are implanted into inbred animals of the strain of 
origin. 

SUMMARY 

Experiments are described in which attempts 
were made to induce immunity in C3H/He and in 
ZBC mice by strangulation of implanted strain- 
specific mammary carcinoma. C3H/He mice in 
which tumors were thus destroyed were not im- 
mune upon reimplantation with adenocarcinoma 
C3H-BA, nor with two other spontaneous mam- 
mary tumors which arose in this strain. Similarly, 
ZBC mice were not immune upon reimplantation 
with a mammary tumor which arose in the Z strain, 
nor were C57B1/6 mice immune to reimplantation 
of adenocarcinoma E 0771. 

Induced autolysis and destruction of these 
strain-specific mammary adenocarcinomas growing 
in mice of the strain in which they arose spon- 
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The Effect of Russian Encephalitis and Other 


Viruses on Mouse Leukemia” 


CuHEsTER M. SouTHAM AND JupITH D. EpsTEIN 


(Division of Experimental Pathology of The Sloan-Kettering Institute for Cancer Research, New York 21, N.Y.) 


The inhibition of the leukocytosis and leukemic 
infiltration of mouse leukemia by concurrent in- 
fection with West Nile and Ilheus viruses has been 
previously reported (8). There was slight, but 
probably insignificant, prolongation of survival 
time in those studies. The present paper reports 
a similar effect of Russian spring-summer en- 
cephalitis virus (R.S.S.E.) and presents results of a 
survey study of the effects of fourteen other virus 
infections upon mouse leukemia. The literature 
concerning antileukemic effects of viruses has been 
reviewed in a previous publication (8), and the 
broader field of the oncolytic effects of viruses in 
experimental animals and man has also been 
recently reviewed (9, 10). 


MATERIALS AND METHODS 


The materials and methods were essentially the same as 
those previously described (8). Ak4 leukemia (in Akm strain 
mice) was used with all viruses.! The leukemic process was ini- 
tiated by the intraperitoneal inoculation of one hundred thou- 
sand or one million cells from aspleen of aleukemic donor mouse. 
Blood was obtained by nicking a tail vein; blood cell counts 
were made by routine clinical technics. The leukocyte counts 
recorded in the tables and figures are the arithmetic means of 
all ten mice or all survivors in each group. Differential counts 
were done on only three randomly selected mice per group, 
and the percentages were converted to absolute counts for 
tabulation and graphing. Blood counts were performed at 
intervals of 1-3 days, starting on day 8 or 4 after the injection 
of leukemia. Each experimental group consisted of 30 or 40 
mice, divided into groups of ten for the various treatments, or 
for untreated leukemic controls. When dead mice were not 
badly autolyzed, they were autopsied and their liver and spleen 
weights were recorded. 

In choosing the amount of virus to be inoculated and the time 
of virus inoculation, an attempt was made to have the maxi- 
mum virus proliferation coincide with the height of the leukemic 
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process. Maximum virus proliferation was assumed to occur 
on the day of death of the virus controls. It is felt that this 
schedule provided the greatest possibility of suppression of 
the leukemic process, although it is apparent that this time 
schedule would obscure possible effects on survival time be- 
cause the time of death from virus infection would coincide 
with the time of death of the leukemic controls. At least two 
groups of ten leukemic mice were given inoculations of each 
virus, usually on day 4 and on day 6 or 7 after injection of 
leukemia, in an attempt to provide the maximum possibility 
of demonstrating an antileukemic effect. Even so, the desired 
time relationship of virus propagation to leukemic cell propa- 
gation was undoubtedly missed in many experiments, espe- 
cially with those viruses such as Bunyamwera which char- 
acteristically kill mice within 3-5 days after inoculation. In 
the experiments with R.S.S.E. the time of virus inoculation 
was varied from 2 days before to 7 days after injection of the 
leukemia to determine the time limits within which the anti- 
leukemic effect of this virus might be demonstrated. 

The virus inocula were infected mouse brain suspensions, ex- 
cept that the Newcastle disease virus (NDV) preparations con- 
sisted of infected allantoic fluid from 10-day chick embryos, and 
the vaccinia preparations were from chorioallantoic membrane 
of 14-day chick embryos. All virus preparations were titrated 
to prove the presence of viable virus by an appropriate estab- 
lished technic for each virus. In addition, in each experiment, 
groups of five Swiss (Banks) mice were given inoculations of 
the same dose of virus by the same route as the leukemic ex- 
perimental mice. Some or all of these virus controls died in 
each experiment (with the exception of those given neuro- 
vaccinia and dermo-vaccinia in some experiments, and N.D.V. 
in all experiments) at a time and in a manner consistent with 
the virus inoculated. The virus was inoculated intraperi- 
toneally (I.P.), except for those viruses with which infection 
could not be established by that route. In these cases (see 
Table 1) the virus was given intracerebrally (I.C.). 


RESULTS AND DISCUSSION 


It was previously demonstrated that injection 
of normal mouse brain had no effect upon the 
leukemic process and that West Nile and Ilheus 
viruses did not affect the blood picture of non- 
leukemic mice (8). In the present study, it was 
demonstrated that normal allantoic fluid (1.C. or 
I.P.) had no antileukemic effect. The effects of the 
present group of viruses upon the blood picture of 
normal mice have not been studied. 

The fifteen viruses studied can be divided into 
three groups on the basis of their effect upon the 
leukemic process (Table 1): (a) Viruses with 
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clearly established antileukemic effect.—The only 
virus with such capacity was R.S.S.E. (in addi- 
tion to the previously studied West Nile and 
Ilheus viruses). (6) Viruses which, in this study, 
had no detectable antileukemic effect.—Some 
of the viruses included in this category were not 
tested under optimal conditions for the demon- 
stration of antileukemic effects. This reservation 
applies to those viruses which were administered 
intracerebrally (under these conditions systemic 
distribution of the virus might not occur), those 


TABLE 1 


LEUKEMIA-SUPPRESSING CAPACITY OF VIRUSES 
AGAINST AKk4 LEUKEMIA OF MICE 
Slight or inconsistent 
inhibition 


Bunyamwera (6, 11) 


No inhibition 
Zika (2) 


Inhibitory 
Russian spring- 
summer en- 
cephalitis 

(6, 11) 
West Nile* 

(6, 11) 
Ilheus* (6, 11) 


Semliki (6, 11) 


M. M. (Encephalo- 
myocarditis) (6) 
Neuroflu (3) 
Dermo Vacciniat 
(11) 
Neurovaccinia (11) 
N.D.V. (C G 
179) Tt (4) 
Mac Dowell (5) 
Ntaya (7) 
* Previously reported (8). West Nile virus was restudied 3 times (three 
groups of ten mice, virus given I.C. to one group) and Ilheus once in the pres- 
ent experiments, and the previously reported effects were confirmed. The 


Egypt 101 isolate of West Nile virus was also studied and showed slight to 
definite antileukemic effects by both I.C. and I.P. routes. 


t Studied intracerebrally only. 
t Virus was not lethal for the nonleukemic virus controls (Swiss mice, 


Uganda Sf (1) 
Anopheles Bf (6, 11) 


N.D.V. (Mass.)f{ 
Theiler’s G D VII (11) 


which were inoculated in sublethal doses (since 
it is not known whether such viruses were able to 
propagate at all), and those which were adminis- 
tered at times which did not permit maximal 
virus effects to coincide with maximum develop- 
ment of the leukemia. (c) Viruses with slight or 
questionable antileukemic effect.—This category 
includes viruses which in some experiments ap- 
peared to inhibit the leukemia but which in re- 
peated studies did not, and other viruses which 
inhibited the leukemic leukocytosis only slightly 
or very briefly. Table 1 also contains key refer- 
ences concerning the source and properties of 
each virus. 

The failure of “Mac Dowell virus” to affect 
Ak4 leukemia deserves mention, because this 
virus was discovered as a contaminant in line I 
leukemia of C57 mice; in this situation it did have 
a slight antileukemic effect. Failure to duplicate 
this effect in the present studies may be owing to 
our use of a different strain of mice and of leu- 
kemia, or, possibly, because our test system is less 


sensitive than that used by Mac Dowell et al. (5), 
The other viruses which were without antiley- 
kemic effect in these experiments will not be 
discussed further. 

The mice inoculated with G. D. VII (Theiler’s) 
virus on day 4 after injection of the leukemia 
showed a transient inhibition of the leukemic 
leukocytosis on days 7 and 8 but not thereafter, 
The total leukocyte counts were 19,200 and 46,800 
cells per cubic millimeter on days 7 and 8, respec- 
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Cuart 1.—The effects of Newcastle disease virus (? non- 


infective) on survival and blood picture of mice bearing Ak4 
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tively, in the virus-treated group, as compared to 
45,900 and 89,100, respectively, in the parallel un- 
treated controls. Survival curves were essentially 
equal for the two groups. When G. D. VII was 
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Cuart 2.—The effects of Uganda §S virus infection on sur- 
vival and blood picture of mice bearing Ak4 leukemia. 


inoculated on day 1, no influence on the leukocy- 
tosis was detected. In one experiment in which 
Bunyamwera virus was inoculated on day 4 after 
infection with leukemia, the total leukocyte counts 
for the virus-treated group were 7,400, 11,400, and 
44,700 on days 6, 7, and 8, respectively, as com- 
pared to 16,300, 44,200, and 64,700 in the parallel 
controls. Survival curves were equal for the two 


groups. In two other experiments with Bunyam- 
wera, the virus killed the mice so rapidly that 
valid comparison with the control groups was 
impossible. 

Data concerning three other viruses (Newcastle 
disease, Uganda S, and Anopheles B), which 
showed a slight or inconsistent antileukemic ef- 
fect, are presented in Charts 1-3. The fact that 
NDV (Massachusetts strain) had a slight anti- 
leukemic effect is of interest, because this virus is 
pathogenic for fowl, but not for mice. However, 
the antileukemic effect was not increased by the 
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Cuart 3.—The effects of Anopheles B virus infection on 
survival and blood picture of mice bearing Ak4 leukemia. 


administration of multiple doses of the virus (0.5 
ee. undiluted infected allantoic fluid, 1.P. twice 
daily for six doses, starting 4 days after mjection 
of leukemic cells). 

The inhibition of leukemic leukocytosis by 
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TABLE 2 
EFFECT OF I.P. INOCULATION OF R.S.S.E. VIRUS ON Ak4 LEUKEMIA 


Days AFTER Days AFTER SurvivaLt 
LEUKEMIA VIRUS ToTaL LyMpHo- GRANULO- Av. Range 
INOCULATION INOCULATION LEUKOCYTES* Biasts* CYTES CYTES (days) 


Experiment Z 


4 Controls 14.5 (10) 1.4 (3) 4.7 6.2 
4 4 12.8 (10) 1.3 (3) 5.1 6.1 
4 Q 18.9 (10) 1.6 (3) 7.3 8.7 
4 0 20.0 (10) 2.3 (3) 11.2 14.1 
7 Controls 59.7 (10) 34.0 (3) 72 37.5 
7 7 14.6 (10) 2.4 (3) 4.2 7.2 
7 5 22.2 (10) 3.2 (3) 5.3 17.2 
7 0 78.6 (10) 21.4 (3) 11.0 29.5 
8 Controls 187.3 (9) 197.0 (3) 15.6 34.1 
8 8 13.8 (6) 1.5 (3) 2.7 6.8 
8 6 50.0 (10) 16.5 (3) 10.1 29.9 
8 1 110.4 (4) 108 .1 (3) 9.4 26.5 
9 Controls 148.8 (7) 136.8 (8) 11.8 21.7 
9 9 12.5 (3) 2.1 (3) 3.92 7.2 
9 7 56.1 (7) 35.1 (3) 5.3 11.9 
9 9 48 .0 (3) 28 .5 (3) 6.0 10.1 
10 Controls 192.2 (2) 179.5 (2) 10.5 7.6 10.1 (8-14) 
10 10 4.8 (1) 1.2 (1) i 1.9 9.0 (8-11) 
10 8 10.5 (2) 2.9 (2) 3.2 4.5 10.2 (9-14) 
10 3 14.1 (2) 7.4 (2) 0.8 5.4 9.2 (8-14) 
Experiment W 
5 Controls 12.0 (9) 2.4 (3) 2.5 4.9 
5 7 10.2 (10) 2.2 (3) 3.3 4.9 
5 5 10.6 (10) 1.4 (3) 6.4 3.5 
6 Controls 38.7 (8) 13.0 (3) 13.3 13.2 
6 8 20 .3 (7) 4.7 (3) 4.0 7.0 
6 6 11.8 (10) 1.8 (3) 2.2 6.9 
7 Controls 108.2 (6) 75.7 (3) 12.1 30.2 
7 9 38 .4 (3) 11.3 (3) 6.4 14.5 
7 7 (9) 1.2 (3) 2.3 5.6 
10 Controls 215.6 (4) 127.4 (1) 8.3 2.8 10.3 (6-12) 
10 12 (0) 7.1 (6-9) 
10 10 55.0 (1) 9.8 (6-11) 
Experiment V 
6 Controls 15.8 (10) 2.9 (3) 9.7 14.2 
6 Q 10.4 (9) 1.5 (3) 3.5 9.3 
6 0 21.0 (10) 7.0 (3) 3.7 8.4 
7 Controls 45.1 (8) 43.2 (3) 8.0 Q7.7 
7 3 28 5 (9) 2.0 (3) 4.6 10.8 
7 1 38 .3 (8) 2.2 (3) 5.8 5.3 
8 Controls 97.1 (6) 76.0 (3) 9.1 15.0 9.5 (6-16) 
8 4 32.6 (6) 21.3 (3) 9.7 15.8 8.7 (5-11) 
8 Q 34.6 (6) 13.2 (3) 6.0 12.6 9.8 (6-13) 
Experiment U 
6 Controls 17.2 (10) 8.5 (3) 5.0 8.1 
6 Q 18.5 (10) 2.2 (3) 4.5 7.3 
6 0 16.1 (10) 2.7 (3) 8.0 6.1 
7 Controls 50.4 (6) 43 .'7 (3) 14.0 18.8 
7 3 44.9 (8) 26 .0 (3) 6.1 19.1 
7 1 36.2 (5) 9.1 (3) 7.3 9.2 
8 Controls 262.0 (2) 224.3 (2) $.1 34.7 
8 4 42.9(8) 23.9 (3) 2.8 16.3 
8 Q 113.5 (2) 81.9 (2) 10.2 21.4 
11 Controls (0) 7.9 (7-10) 
11 7 28 .8 (1) 9.5 (7-11) 
11 5 22.5 (1) 8.3 (7-14) 


* All blood counts are expressed as thousands of cells per cubic millimeter of blood. The figures in parentheses following the mean 
blood cell counts indicate the number of mice averaged, and in the leukocyte column this figure also indicates the numbers of mice 
surviving on that day. Since differential counts were not done on all mice, the sum of the average differential counts is not identical 
with the average total leukocyte counts. 


t Survival times are computed from the inoculation of leukemia to death, regardless of the time of virus inoculation. 


E 
ifs 
4 
; 
3 
qt 
t 
| 
| 
Meat, 
a 
. 
We 
ee 
* 
ve 


SOUTHAM AND EpstEin—E ffect of Viruses on Mouse Leukemia 


585 


R.S.S.E. virus is indicated by the data presented 
in Table 2 and Chart 4. In the graph, data from 
comparable time schedules of various experiments 
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Cuart 4.—The effects of Russian spring-summer encepha- 
litis virus infection on survival and blood picture of mice 
bearing Ak4 leukemia. 


are averaged and presented as a single curve. In 
the table, data from each experiment are averaged 
separately to permit more valid comparisons of 
treated and control groups. The leukocytosis was 
retarded even when the virus was inoculated after 
the leukocyte count had started to rise (see experi- 
ment Z, Table 2). This suppressive effect was due 


to selective inhibition of the emergence of blast 
forms, as judged by differential leukocyte counts. 

The antileukemic effect of some of these viruses 
was also suggested by the smaller size and weight 
of livers and spleens of virus-treated mice at 
autopsy when compared to the parallel, untreated 


controls. These data from the blood-count experi- 


ments were too scattered, however, to permit valid 
comparisons, sO one experiment was designed to 
permit a more adequate investigation of this 
phenomenon. Fifteen mice were injected with 


Each point is average for 5 mice 


© Untreated AK4 leukemia 
@ R.S.S.E. virus injected day 4 
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Cuart 5.—The effects of Russian spring-summer encepha- 
litis virus infection on the leukocytosis, splenomegaly, and 
hepatomegaly of Ak4 mouse leukemia. Organ weights are 
expressed on percentage of total body weight. 


R.S.S.E. virus on the 4th day after transplantation 
of leukemia. Virus-treated leukemic mice and 
parallel untreated leukemic controls were sacri- 
ficed in groups of five on days 4, 7, and 9.° Leuko- 
cyte counts, spleen weights, and liver weights 
were determined at the time of sacrifice. Data. 
from this experiment are presented in Chart 5. 
Nine days after inoculation of leukemia and 5 days 
after inoculation of the virus, the weight of livers 
in untreated mice had doubled (owing to leukemic 
infiltration), whereas there was only a 33 per cent 
increase in the size of the liver in virus-infected 
mice. Spleen weights showed the same type of 


er 
4 
: 
an 
ets 
ont 
i 
£ 
| . 5 
‘ 
- 
O 
f Ss. E. 
80 
> 
ve 
2 
2 
ry 
‘ 
> 
¥ 
aa. 


586 Cancer Research 


effect, although it was less marked.” Leukocytosis 
was also markedly inhibited. 


SUMMARY 


R.S.S.E. virus has been demonstrated to in- 
hibit leukocytosis and organ infiltration in Ak4 
mouse leukemia. Survival time was not affected. 
The Massachusetts strain of N.D.V., Uganda S 
virus, Anopheles B virus, Bunyamwera virus, and 

; Theiler’s G.D. VII virus had slight antileukemic 
effect. Nine other strains of viruses had no de- 
tected effect upon this leukemia. 
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Autoradiography of Mast Cells in Experimental Skin Tumors 
of Mice Injected with Radioactive Sulfur (S*)* 


G. AsBoE-HANSEN 


(Laboratory for Connective Tissue Research, University Institute 
of Medical Anatomy, Copenhagen, Denmark) 


Mast cells are present in the organism wherever 
there is connective tissue. They are large, with 
cytoplasmic granules which stain metachromati- 
cally with certain basic dyes, such as toluidine blue. 
Recent research on connective tissue has clarified 
the chemistry and thus the function of these cells. 


INTRODUCTION 


In 1937, Holmgren and Wilander (10) main- 
tained that mast cells in connective tissue contain 
a polysulfuric acid ester giving a heparin effect and 
that it is their function to secrete the anticoagula- 
tive substance into the blood. This contention is 
supported by the finding that tissue which is rich 
in mast cells—e.g., the hepatic capsule of the cow 
—has more pronounced anticoagulative proper- 
ties than other tissue with a lower content of mast 
cells—such as the hepatic capsule of the sheep. 
Moreover, these authors based their view on 
Lison’s (12) opmion that metachromatic staining 
with toluidine blue is due to the presence of high 
molecular polysulfuric acid esters. Heparin is one 
such substance, a sulfuric mucopolysaccharide. 
Subsequent workers, however, have shown that 
other substances, such as monosulfuric acid esters 
and the nonsulfuric but closely related muco- 
polysaccharide hyaluronic acid (which makes up 
a considerable part of the connective tissue ground 
substance) stain metachromatically with toluidine 
blue and similar dyes (1—5, 7, 14, 16, 18). Like 
heparin, hyaluronic acid is a polymer which, on 
hydrolysis, gives glucosamine and glucuronic acid; 
but unlike heparin it does not contain sulfur. The 
mucopolysaccharide in the cornea, a mono- 
sulfuric acid ester of hyaluronic acid, stains 
metachromatically. 

In 1948, Jorpes, Werner, and Aberg (11) found 


* This investigation was aided by grants from Eli Lilly & 
Co., Indianapolis, Indiana, U.S.A., the National Danish Asso- 
ciation against Rheumatic Diseases, the Danish Anti-Cancer 
League, the Reinholdt W. Jorck Fund, and Merchant in 
Odense Johann and Hanne Weimann (née Seedorff) Fund. 


Received for publication March 18, 1953. 


that, besides staining metachromatically like the 
acid mucopolysaccharides, mast-cell granules stain 
with leucofuchsin following oxidation with peri- 
odic acid by the method of McManus (13). They 
pointed out that heparin and chondroitin sulfuric 
acid do not stain this way, whereas hyaluronic 
acid and mucoitin monosulfuric acid are stained 
distinctly. Jorpes and co-workers concluded that 
the compound present in the mast-cell granules, 
although not heparin proper, may be its precursor. 

Asboe-Hansen (2—5) was unable to demonstrate 
a definite relation between the number of mast 
cells in the tissue and its content of sulfomuco- 
polysaccharides, whereas he found a correlation 
between the number of mast cells and the quantity 
of hyaluronic acid in the tissue, as determined by 
chemical and histochemical methods. The author 
also observed signs of a new formation of hya- 
luronic acid from mast cells following injection of 
hyaluronidase into the tissue (7m wmvo experi- 
ments). Apparently, under the influence of hor- 
monal action, the mast cells secrete the mesenchy- 
mal mucopolysaccharide, hyaluronic acid, perhaps 
by way of a sulfuric precursor resembling heparin. 

It is known (6, 17) that when a number of high 
molecular nonsulfuric polysaccharides, including 
hyaluronic acid, are sulfonated they may acquire 
anticoagulative properties. 

From chemical, histochemical, and histophysio- 
logical investigations it seems justifiable to infer 
that the mast cells contain a sulfuric mucopoly- 
saccharide closely related to heparin and hyaluron- 
ic acid, though not identical with either, however. 
The mast cells seem to give off a hyaluronidase- 
sensitive mucopolysaccharide to the connective- 
tissue ground substance, which does not appear to 
possess anticoagulative properties. 

The chemical changes in the substance of the 
granules possibly occurring before, during, or 
after its transfer from the cell to the connective 
tissue ground substance are unknown and the sub- 
ject of intense study in various laboratories. 
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MATERIALS AND METHODS 


Autoradiographic investigation.—Histochemical methods 
cannot offer quantitative information, and chemical analysis 
of tissue reveals nothing concerning the location of sulfur 
in the tissue. The author therefore used autoradiography to 
demonstrate the localization of sulfur-containing compounds 
in connective tissue, their relative quantities and distribution. 

In order to obtain connective tissue containing mast cells 
in large numbers, experimental skin tumors (papillomas), 
containing cells presumably at the maximum of their func- 
tional capacity, were induced in mice of the strain St/Eh 
by a single painting with 9,10-dimethyl]-1,2-benzanthracene, 
a carcinogenic hydrocarbon. In the dermal connective tissue 
of the painted areas the tumor-bearing mice revealed a marked 
accumulation of mast cells, most of which are large and 
richly granulated (8, 9). Nine of these tumor-bearing mice 
received one intraperitoneal injection of S*, 8 ue/gm of body 
weight with 0.1 mg. Na,SO, as carrier in 0.2 ml. of sterile 
water. After 48 hours the mice were killed; the tumor and a 
piece of normal skin from a symmetrical site were excised 
and divided into three portions, which were fixed in 70 per 
cent alcohol, 10 per cent formalin, or 4 per cent basic lead 
acetate, respectively, while one portion was freeze-dried. 
The tissue was imbedded in paraffin and cut in sections 7 u 
thick. After the sections were deparaffinized and dried, 
autoradiographs were made applying the stripping film technic 
developed by Pele (15). The films were exposed for 17 days. 
Some unstained preparations and the superimposed auto- 
radiographs were studied in the phase contrast microscope; 
others were stained, after exposure, with } per cent aqueous 
solution of toluidine blue for 15 minutes and then inspected 
microscopically. 

To check the autoradiographic method as applied here, a 
number of controls were made on mice which had not been in- 
jected with S*. Tissue sections from tumor and from normal 
skin did not cause blackening of the stripping film after 
several days’ exposure. It can therefore be concluded that the 
results obtained by autoradiography after injection of S*® are 
not due to chemography or some other artefact inherent in the 
histological preparation proper. 


RESULTS AND CONCLUSIONS 


Forty-eight hours after injection of radioactive 
sulfur, monitoring with a Geiger counter revealed 
a pronounced accumulation of radiosulfur in the 
tumor. 

After 17 days’ exposure, a stripping film showed 


marked blackening over the mast cells in the 
connective tissue of the skin tumor. In addition, 
there was a less intense, diffuse blackening over 
the connective tissue ground substance. In auto- 
radiographs of normal, unpainted skin, only a 
slight blackening could be observed. 

A few mast cells in the connective tissue of the 
unpainted skin and in muscle gave no distinct 
blackening, and in some of them the content of 
radiosulfur could not be demonstrated with 
certainty. 

It cannot be ascertained whether the diffuse 
blackening of the film, produced by the connective 
tissue in the tumor, is due to radiosulfur leached 
out from the mast cells in the course of the histo- 
logical fixation or during the stripping procedure, 
or whether it is caused by an increased content of 
sulfur in the connective tissue ground substance of 
the tumor. The autoradiographs were very similar, 
independent of whether the specimens were fixed 
in one of the three different solutions or freeze- 
dried. Furthermore, the blackening caused by 
mast cells appears to be very much the same in all 
preparations. This is noteworthy in view of the 
fact that in histological preparations mast cells 
appear larger and more regular in freeze-dried 
specimens and after fixation with basic lead acetate 
than after fixation in alcohol. 

Whether the ability of mast cells to take up 
radiosulfur depends on their age and metabolic 
state, whether the experimental period (48 
hours) is too long or too short, whether or not the 
sulfuric acid content of individual mast cells 
varies—these are problems which require exten- 
sive investigations. Such studies are in progress. 


SUMMARY 
Previous histochemical and chemical studies 
indicated that the granules of the connective tissue 


Fic. 1.—Autoradiograph from section of experimental skin 
tumor; unstained preparation; dark-field microscopy. Above, 
the hyperplastic epithelium with deep extensions into the 
corium. In the connective tissue the mast cells appear as 
bright discs, indicating a high radiosulfur content; diffuse 
blackening over the ground substance. Mag. 350. 

Fic. 2.—Unpainted skin from a site symmetrical to the 
skin area in Fig. 1; unstained; dark-field microscopy; radio- 
sulfur content low. Hairs above. Mag. 350. 

Fic. 3.—Unstained preparation; connective tissue area 
of Fig. 1. Eleven mast cells have caused intense blackening of 
the stripping film. Mag. 1200. 

Fig. 4.—Stained preparation. Staining: toluidine blue, 
4 per cent aqueous solution, for 15 minutes. A vessel with two 
mast cells in its immediate surroundings. Intense blackening 
of the film over the sites of the mast cells. Mag. X 1350. 
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mast cells contain a sulfuric mucopolysaccharide. 
This substance is closely related to heparin and 
hyaluronic acid without being identical with 
either. 

Stripping-film autoradiography of connective 
tissue In experimental skin tumors in mice in- 
jected intraperitoneally with S*, with sodium 
sulfate as carrier, showed that the majority of the 
mast cells take up sulfur. This uptake manifests 
itself as a blackening of a stripping film. 
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A Comparative Study of Certain Properties of 


Liver 8-Glucuronidase of Inbred Mice’t 


HsIEN-GIEH SIE AND WiLLIAM H. FIisHMAN 


(Cancer Research and Cancer Control Unit and the Department of Biochemistry, Tufts 
College Medical School, Boston, Mass.) 


Interest in the genetic factors controlling tissue 
8-glucuronidase in inbred mice began with the 
original report of Morrow et al. (10), who found 
that C3H mice exhibited markedly reduced liver 
6-glucuronidase activity. This phenomenon was 
explained by Law eft al. (9) in studies of the in- 
heritance of “low” and “high” tissue glucuroni- 
dase tendencies. These showed the existence of a 
single gene pair which was determining tissue 
glucuronidase activity for C3H and strain A mice. 

Hormonal stimuli have been found to alter 
tissue B-glucuronidase activity. For example, the 
administration of testosterone propionate to in- 
bred mice of either sex produced a marked rise in 
kidney £-glucuronidase activity (4, 5°, and 
stilbestrol enhanced liver 8-glucuronidase The 
extent of the response appeared to be « ~.in-de- 
pendent. It was later found (11) that th» ::idney 
enzyme response was paralleled by the excretion 
of 6-glucuronidase in the urine. 

The present paper deals with a comparison of 
some of the usually determined enzymic constants 
of 6-glucuronidase preparations made from tissues 
of groups of low- and high-glucuronidase strains of 
mice treated and untreated with sex hormones. 
Similar data have been collected with £#-glu- 
curonidase preparations of Ehrlich’s ascites tumor 
and of livers of white Swiss mice. These experi- 
ments were designed to provide a partial answer to 
the question: Is the same 6-glucuronidase present 
in a tissue of “high’- and ‘“‘low’’-glucuronidase 
strains of mice? 


MATERIALS AND METHODS 


Adult mice of different strains (Jackson Memorial Labora- 
tory, Bar Harbor, Maine) were used. To study the effect of 


* This investigation was aided by grants from the Damon 
Runyan Memorial Fund for Cancer Research, the National 
Cancer Institute, National Institutes of Health, United 
States Public Health Service, and the American Cancer 
Society, Inc., New York. 


+ Presented at the 123d meeting of the American Chemical 
Society, Los Angeles, 1953. 
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testosterone propionate and stilbestrol, 0.5 mg/day of the 
hormone under investigation was injected for 14 days prior 
to sacrificing the animals (5). 

An active extract of B-glucuronidase from each tissue to be 
studied was prepared by the method of Fishman and Talalay 
(7). The 6-glucuronidase determinations were performed by the 
method of Fishman e¢ al. (5, 6). The pH optimum and the 
Michaelis constant (K,,) were determined in each case, accord- 
ing to previously described methods (3). In addition, inhibition 
by potassium acid saccharate and by potassium glucuronate 
(8), temperature coefficient, presence in the enzyme extract of 
activating or inhibiting substances, and activation by DNA 
(1) were investigated for each enzyme preparation. To study 
the activating effect by DNA, the enzyme was further purified 


_ by precipitating it at room temperature with an equal volume 


of cold saturated ammonium sulfate solution of pH 8.7 and 
dissolving the residue in H,O (2). 


RESULTS 


All data are tabulated in Table 1. There were 
no noticeable differences of pH optimum of 6- 
glucuronidase prepared from different strains of 
mice. No second peak of lesser magnitude was 
observed in the C3H liver preparation at pH 5.2, 
as described by Morrow (10). 

The Michaelis constant observed in the en- 
zymatic hydrolysis of phenolphthalein glucuronide 
by £-glucuronidase for different preparations 
varies from 0.000038 to 0.000054, which is in a 
range similar to the constant previously reported 
(12). 

Potassium acid saccharate exhibited a marked 
inhibitory action of 6-glucuronidase at concentra- 
tions much less than those with potassium glu- 
curonate. All dilute enzyme preparations were 
activated by the presence of 0.3 per cent DNA to 
the same extent as reported previously (1). The 
addition of the various enzyme extracts in small 
amounts (0.1 ml.) to a highly purified 6-glucu- 
ronidase preparation (activity 4 units/ml) did not 
alter the enzyme activity measured during a I- 
hour period. 

Temperature coefficients ranging between 1.5 
and 1.9 were observed for the range 30°-40° for 
different preparations. A decrease of Q,, to 1.3-1.7 
was observed for the temperature range 50°-60°. 

These data indicate the similarity of the liver 
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6-glucuronidase prepared from different strains of 
mice. 
DISCUSSION 

It is now recognized that certain strains of mice 
—e.g., AKR (5) C3H (10)—possess markedly re- 
duced tissue 6-glucuronidase activities, as com- 
pared to other pure (129, DBA) strains. The evi- 
dence at present points to a genetic control of this 
tissue enzyme in mice. It is necessary to establish 
whether or not these differences in activity are 
properties of 6-glucuronidase itself or merely 
represent an effect secondary to some nonspecific 
factor. There is the same need for clarification of 


strains and from livers of white Swiss mice. In 
addition, similar extracts were prepared from 
livers of stilbestrol-treated AKR mice, from kid- 
neys of testosterone propionate-treated A Cloud- 
man mice, and from cell suspensions of the Ehrlich 
ascites tumor. A number of properties of 6-glucu- 
ronidase were examined in these extracts, such as 
optimum pH, Michaelis const. (K,,), inhibition by 
saccharate and glucuronate, activation by DNA, 
temperature coefficient, etc. Within experimental 
limits, the various enzyme preparations exhibited 
the same properties. It may be tentatively stated, 
therefore, that the marked strain differences in 


TABLE 1 
PROPERTIES OF 6-GLUCURONIDASE PREPARED FROM VARIOUS TISSUES 
TissvuEes* 
Liver Kidney 
Testos- 
Erhlich Stil- terone pro- 
ascites bestrol- pionate- 
tumor White “low”’ strains “thigh’’ strains treated treated A 
PROPERTIES cell Swiss AKR C3H 129 DBA AKR Cloudman 
Range pH opti- 4 .2-4.6 3.9-4.5 3.8-4.6 4.2-4.5 3.9-4.5 3.6—-4.5 3.6-4.7 3.9-4.5 
mum 
wc constant 0.000042 0.000038 0.000054 0.000050 0.000048 0.000046 0.000047 0.000053 
Percent inhibition by 45 52 43 45 44 49 37 
5X10-5M K-acid 
saccharate 
Percent inhibition by 45 43 54 42 52 47 48 56 
2.5X10-M K-glu- 
curonate 
Temperature coeffi- 
cient 
20°-30° 1.4 2.3 1.7 1.4 2.0 1.6 2.0 3.9 
30°—40° 1.6 1.7 1.6 1.9 1.9 1.5 1.6 33 
40°—50° 1.6 ae 1.6 1.9 1.6 1.6 1.5 1.5 
50°-60° 1.4 | 1.6 1.5 1.5 1.3 1.3 1.4 
Activation by DNA - a + + + + + + 
(Krishell) 


* The 8-glucuronidase activity of each tissue and its extract were, res 


ctively: Ehrlich ascites cell suspension, 3,000 units/ml, 250 units/ml; white 


Swiss, 3,500 units/gm, 672 units/ml; AKR 650 units/gm, 64 units/ml; C3H, 480 units/gm, 50 units/ml, 129, 3,200 units/gm, 624 units/ml; DBA, 4,000 
units/gm, 385 units/ml; stilbestrol-treated AKR 900 units/gm, 280 units/ml, and testosterone propionate-treated A Cloudman 40,000 units/gm, 


2,485 units/ml. 
+ For both 0.1 m acetate and phosphate buffer. 


the nature of hormone-stimulated -glucuronidase 
in the liver and kidney and in £-glucuronidase- 
rich tumors. 

From the data presented, no important differ- 
ences in the properties of these various §-glucu- 
ronidase preparations have been detected. Cer- 
tainly with respect to the hydrolysis of phenol- 
phthalein 6-glucuronide, the same 8-glucuronidase 
appears to be present in tissues of “high”’ and 
“low” 6-glucuronidase strains of mice. However, 
the possibility cannot be excluded that real dis- 
similarities may exist, although this now appears 
remote. 


SUMMARY 


Partially purified 6-glucuronidase preparations 
have been made in a uniform manner from livers 
of inbred mice of the 129, DBA, AKR, and C3H 


tissue $-glucuronidase activity are referable to 
differences in the amount of enzyme protein. 
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6-Mercaptopurine: Effects in Mouse Sarcoma 180 


and in Normal Animals* 


DonaLp A. CLARKE, FREDERICK S. Puitips, STEPHEN S. STERNBERG, C. CHESTER 


STOCK, GERTRUDE B. ELION, AND GeorceE H. Hircuincs 


(Division of Experimental Chemotheraphy, Sloan-Kettering Institute, New York, N.Y., and 
Wellcome Research Laboratories, Tuckahoe, N.Y.) 


The possibility that the control of neoplasia 
might be achieved with compounds acting as 
antimetabolites in nucleic acid synthesis has 
stimulated investigation of the chemotherapeutic 
activity of unnatural purines and purine analogs. 
This concept is supported by observations describ- 
ing the inhibitory actions of 2,6-diaminopurine (5) 


and 8-azaguanine in rodent tumors (14, 19, 20, 33). - 


Both agents also inhibit the growth of certain 
micro-organisms, and this effect can be prevented 
specifically and more or less competitively by 
adenine (9) or guanine (12, 17, 18, 29), respectively 
(especially at the higher concentrations of the 
analogs). Similarily, diaminopurine behaves as an 
adenine antagonist in such diverse systems as the 
proliferation of the virus-like “‘kappa”’ bodies in 
Paramecium aurelia (32), estrogen-induced growth 
in chick oviduct (16), and mammalian cells in 


tissue culture (2). Finally, the destructive action 


of 2, 6-diaminopurine in mammalian bone marrow 
(6, 24) and intestinal epithelium (24) may be 
ascribed to selective injury of cells dependent for 
growth on high rates of nucleic acid synthesis. 

A continuing search for more effective purine 
antimetabolites has revealed that 6-mercaptopu- 
rine (Chart 1) is an inhibitor of the Crocker mouse 
sarcoma (S-180). 6-Mercaptopurine (10) also in- 
hibits the growth of Lactobacillus casei, and this 
action is prevented more or less competitively by 
any of the four physiological purine bases. It has 
been found more inhibitory to a diaminopurine- 
resistant strain of L. casei than to the wild strain 
(10, 12); studies with a 6-mercaptopurine-resistant 
strain have indicated that the agent prevents 


* This investigation was supported by an institutional 
grant from the American Cancer Society and by grant C-415 
from the National Cancer Institute of the National Institutes 
of Health, U.S. Public Health Service, to Sloan-Kettering 
Institute, and assisted by a grant from the Charles F. Kettering 
Foundation to the Wellcome Research Laboratories. 
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utilization of hypoxanthine primarily and of 
adenine secondarily, while having little effect on 
the direct utilization of guanine and xanthine (11). 
It is an effective inhibitor of embryogenesis in 
Rana pipiens during earliest stages of develop- 
ment (1). 

The action against S-180 has proved unique 
since, hitherto, purine antagonists have proved 
relatively ineffective in this tumor (30). Moreover, 
treatment of mice with tolerated doses of 6-mer- 
captopurine (SK 5357!) renders S-180 nonviable; 
this is indicated by failure of the tumor to “‘take”’ 
when reinoculated into normal mice and by exten- 
sion of the survival time and production of a sig- 
nificant number of complete recoveries in treated 
animals. The present report deals with these 
effects as well as a description of the toxicology of 
SK 5357 in mice, rats, cats, and dogs. 


MATERIALS AND METHOD 


Experimental subjects included Swiss-Webster (CFW) 
mice (Blue Spruce Farms or Millerton Industries), weighing 
18-25 gm., Wistar male rats (Carworth Farms), 180-300 gm., 
and adult, mongrel dogs and cats. Samples of SK 5357, con- 
forming in chemical purity to the synthetic products described 
by Elion et al. (8), were used as the monohydrate and as the 
anhydrous base; all doses were calculated as the purinemono- 
hydrate. In rodents the purine was usually given as finely 
dispersed suspensions. These were prepared either by grinding 
in Potter glass homogenizers with solutions of 0.5 per cent 
carboxymethyl] cellulose? in 0.9 per cent NaCl (CMC sus- 
pensions) or by dissolving and reprecipitating, in sequence, 
with equimolar amounts of NaOH and HC] (saline suspen- 
sions). Alkaline solutions were employed for intubation by 
mouth or for intravenous administration. The agent was dis- 
solved with 1.1 m equivalents of NaOH in isotonic NaCl im- 
mediately before use. 

The schedule of dosage followed in studies of tumor inhibi- 
tion will be described below. In toxicologic studies various 
doses were administered in mice and rats in the constant 
volume of 0.01 ml/gm. LDs» values were calculated, according 


16-Mercaptopurine will subsequently be referred to as 
SK 5357. 


2 Cellulose Gum, High Viscosity, Type 120. Hercules 
Powder Co. 
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to Litchfield and Wilcoxon (21), after administration of a 
sufficient number of doses, decreasing in series by a factor of 
3, to obtain both 100 and 0 per cent mortality during 14 days 
of observation. At least ten mice and six rats were employed 
per dose. 

Standard hematologic measurements (38) and microscopic 
studies were made with blood and tissues from mice and rats 
anesthetized by ether and sacrificed by exsanguination. Blood 
was drawn from the abdominal aorta into heparinized syringes. 
Blood samples from dogs were obtained without stasis from 
jugular veins of preprandial animals while under sodium 
thiopental anesthesia. Autopsy specimens of femur and 
sternum from rats and mice and vertebra and rib from dogs 
were fixed with Vandergrifft’s reagent. Other tissues were 
fixed in Zenker-formol. All sections were stained with hema- 
toxylin-eosin. In addition to bone marrow the tissues studied 
microscopically included specimens of S-180, skeletal and 
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6-MERCAPTOPURINE 
(SK 5357) 


1 


cardiac muscle, thyroid, thymus, lung, esophagus, testis, 
lymph nodes, and all abdominal viscera. 

Protein, nonprotein nitrogen, and chloride in plasma and 
glucose in blood were analyzed as in previous work (37). Total 
plasma bilirubin (i.e., 15-minute reaction in dilutions of plasma 


treated with methyl alcohol) was determined according to *® 


Malloy et al. (22). Hepatic function tests, using sodium 
sulfobromophthalein were performed in dogs as follows: 20 
minutes after intravenous administration of 5 mg/kg of the 
dye, venous blood was drawn without stasis by means of a 
heparinized syringe; 2 ml. of the sample were mixed with 
8 ml. of isotonic NaC]; after centrifugation, two 2-ml. aliquots 
of supernatant fluid were introduced into each of 2 cuvettes; 
the first aliquot was diluted with 1 ml. 0.1 Nn HCl, the second, 
with 1 ml. 0.1 Nn NaOH; optical density of the latter was com- 
pared to that of the former in the Beckman spectrophotometer 
(model DU) at 580 my; the value obtained was used to calcu- 
late the sulfobromophthalein concentration in the original blood 
sample. 

Tumor inhibition test.—Inhibition of S-180 by 6-mercapto- 
purine was first observed in a screening program which has been 
described elsewhere (30). The present work represents an 
extension of these observations in which treatment with the 
agent was initiated in groups of female mice (CFW, 18-22 gm.) 
24 hours after subcutaneous implantation of tumor and was 


continued for 7 consecutive days. Controls, bearing implants 
of the same tumors, were treated simultaneously with the 
corresponding diluent. Various doses in the constant volume of 
0.5 ml/20 gm mouse were given once daily by intraperitonea] 
injection. One day after the final dose vernier calipers were 
employed to measure (to the nearest 0.1 mm.) the length of 
the two largest perpendicular axes of each tumor, and from 
these values an average diameter was calculated. 


RESULTS 
EFreEcts OF 6-MERCAPTOPURINE IN SARCOMA 180 

Inhibition of growth.—Table 1 summarizes the 
effects of SK 5357, in various doses, on the growth 
of S-180 as employed in the inhibition test de- 
scribed above. The doses induced significant and 
reproducible reductions in tumor size. Moreover, 
the effects of the higher doses were not remarkably 
greater than those obtained with 25 or 50 mg/kg/ 
day. Doses greater than 50 mg/kg/day produced 
intoxication in treated animals which was mani- 


TABLE 1 


TUMOR INHIBITION AND TOXICITY OF 6-MERCAPTO- 
PURINE IN SARCOMA 180-BEARING MICE 


(Treatment initialed 24 hours after implantation and 
continued for 7 consecutive days) 


Average 
Tumor weight Cumu- 
diameter change lative 
at end of at end of Mortality mortality 
Dose therapy therapy during thru 2d 
(mg/kg/day) (mm.+S.D.) (gm.) therapy week 
I. CMC suspension: 
100 4.1+1.4 —2.5 10/30 25/30 
Controls 10.8+1.2 +0.0 0/30 7/30 
75 5.8+1.7 —1.5 3/30 24/30 
Controls 11.5+1.1 —0.5 1/30 ~=11/30 
50 7.41238.8 —0.5 0/30 0/30 
Controls 10.5+1.9 +2.0 0/30 8/30 
II. Saline suspension: 
125 6.8+1.6 —3.0 6/50 44/50 
Controls 13.0+0.5 —1.0 0/5 0/5 
100 7.0+1.9 —3.0 14/50 49/50 
Controls 12.3+1.6 +1.0 0/5 0/5 
75 7.44+1.7 —2.0 3/50 26/50 
Controls 13.0+2.1 +0.0 0/5 2/5 
50 7821.6 —1.0 1/50 7/50 
Controls 12.44+1.5 +0.0 0/5 1/5 
25 8.4+1.5 +0.5 0/50 4/50 
Controls 11.0+1.0 +1.0 0/5 1/5 


fested by enhanced weight loss and mortality 
during the period of observation. Furthermore, 
the table demonstrates that CMC and saline 
suspension of SK 5357 were similar in producing 
inhibition of growth of S-180 and weight loss and 
mortality. 7 

Inhibition of growth of S-180 induced by SK 
5357 during the 7 days of treatment was not so 
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marked as has been described for certain other 
agents, e.g., triethylene melamine, N,N’,N”-tri- 
ethylene phosphoramide, and 4-aminofolic acids 
(3, 4, 31). Unlike the latter inhibitors, however, 
SK 5357 induced an effect in the tumor which was 
persistent and which frequently resulted in a loss 
of viability of tumor cells. 

Table 2, presented in two parts, illustrates the 
therapeutic effects of 50 mg/kg/day of SK 5357. 
Part I shows the moderate inhibition of growth 
during the treatment period initiated 24 hours 
following implantation of S-180. Of greater in- 
terest is the distribution of deaths caused by 
5-180: SK 5357 notably retarded the lethal proc- 
esses of S-180. Although a majority of the control 
mice were dead by the end of 3 weeks, it was not 


groups of mice treated with nonlethal doses of 
SK 5357 (see statistical summary below). 

The second part of Table 2 depicts the effects of 
therapy with SK 5357 instituted 96 hours after 
implantation of S-180. (At this time S-180 is well 
established and growing at a maximal rate.*) No 
inhibition of growth was evident at the end of 7 
days of treatment. The increased mortality among 
the treated animals during the second week of the 
experiment may have been due to combined toxic 
effects from tumor and agent. The majority of the 
individuals surviving beyond the second week 
recovered. Under the conditions of this experi- 
ment, the recovery rate was increased from 10 
per cent (controls) to 40 per cent (treated ani- 
mals). 


TABLE 2 


RECOVERY FROM SARCOMA 180 AND INCIDENCE OF DEATHS OF 
MICE TREATED WITH SK 5357* 


No. or ‘TUMOR DIAMETER: TUMOR DIAMETER: OccURRENCE OF DEATHS BY WEEKS RECOVERY 
MICE Start of therapy End of therapy AFTER THERAPY START FROM 
(mm.+S.D.) (mm.+S.D.) 2d 3d 4th Sth 6th # “7th TUMORT 
I. Therapy started 24 hrs. after tumor implantation: 
SK 5357 30 trocar piece 7.14£2.2 0 3 3 9 4 2 9 
Control 30 trocar piece 10.5+1.9 8 10 7 1 0 0 4 
II. Therapy started 96 hrs. after tumor implantation: 
SK 5357 20 5.8+0.7 12.0+1.2 8 0 1 1 2 0 8 
Control 20 6.5+0.9 12.8+1.0 + 7 3 1 2 0 2 


* CMC suspension. Dose: 50 mg/kg/day X 7 in 0.5 ml. injected I.P. 
+ Followed for at least 14 days afer tumors were no longer palpable. 


until the end of 6 weeks that an equal number of 
treated mice had expired. 

Part I of Table 2 also indicates that the re- 
covery® rate of treated animals, 30 per cent, was 
greater than that of controls, 13 per cent. Re- 
covery in the controls was characterized by ulcera- 
tion of the skin and extrusion of the underlying 
tumor mass. However, recovery in the treated 
group began as a resorptive process in tumors 
which had previously been growing for 2—4 weeks; 
resorption was completed within approximately 
1 week. Enhanced recovery as the result of tumor 
resorption has been observed consistently in 


authors prefer to employ “recovery” in describing 
the fate of surviving animals rather than the more absolute 
term, “‘cure.”’ ““Recovery’’ seemed equally applicable to the 
fate of both control and treated animals, whereas “‘cure”’ 
could only have been used to refer to survivors among treated 
groups. Furthermore, all surviving animals were held for a 
minimum of 2 weeks to a maximum of 7 weeks after their 
tumors were no longer palpable. In no instance did tumors 
recur as judged by the criterion of palpability: nor were tumor 
masses evident in gross dissections of survivors when experi- 
ments were terminated. Since, admittedly, an indeterminate 
number of such animals may not have been “‘cured”’ in the 
definitive sense, it was deemed more accurate to designate sur- 
vival, within the framework of the present experimental condi- 
tions, as “‘recovery’’ from S-180. 


In preliminary observations it was found that 
SK 5357 inhibited S-180 when administered by 
oral intubation in doses approximately twice those 
active by intraperitoneal injection. To investigate 
the possibility that a continuous, low-level intake 
of SK 5357 might enhance the antitumor activity 
of the agent, feeding experiments were initiated. 
Homogeneous mixtures of SK 5357 and ground 
food (Purina Laboratory Chow) were prepared. 
Mice were placed on these diets 24 hours after im- 
plantation with S-180 and observed daily for 
manifestations of toxicity; the tumor status was 
evaluated every 7 days. Control mice were main- 
tained on unsupplemented ground food. Concen- 
trations of SK 5357 equal to or greater than 250 
mg/kg of diet proved lethal within less than 14 
days. 

Chart 2 summarizes results of an experiment 
wherein mice were fed a diet containing 62.5 
mg/kg of SK 5357 for the first 21 days, were 
placed on an unsupplemented diet between 22 and 
27 days, and were returned to the SK 5357 diet 
for the remainder of the experiment. Inhibition 
of the growth of tumors in the treated group was 
only moderate. At the end of the second week of 


4 Unpublished observations. 
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the experiment the diameters of the treated tu- 
mors were 7.5—17.7 mm.; the range of the diame- 
ters of control tumors was 10.8—17.6 mm. However, 
the survival time of treated animals was longer 


EFFECTS OF FEEDING 6-MERCAPTOPURINE ON SURVIVAL TIME 
AND RECOVERY OF MICE IMPLANTED WITH S-180 


(EXPERIMENTAL MICE FED DIETS CONTAINING 0.0063% SK-5357 FROM 1-21 AND 28-63 DAYS) 


E: EXPERIMENTAL 
C: CONTROL 


q survivinc with Tumors 


WITHOUT 
TUMORS 


TIME OF OBSERVATION: DAYS AFTER TUMOR IMPLANTATION 


29 365 1 43 1 SO 11 S57 1 63 1 
CHART 2 


mice recovered; in each case the tumor masses 
were extruded as described above. Of the 113 
survivors among the 325 treated mice, only seven 
recovered by the mechanism of extrusion; these 
seven were distributed as follows: 3, 1, 1, and 2, 
respectively, in experiments 1, 2, 3, and 7 of Table 
3. The remaining 106 survivors among treated 
animals recovered as the result of tumor resorp- 
tion. The data in Table 3 provide significant 
evidence for the conclusion that SK 5357 in- 
creased the recovery rate among treated animals. 
That such an increase took place in all of the seven 
experiments has a 1:128 probability of random 
occurrence. Furthermore, the mean of the differ- 
ences in recovery rates is significant with P < 0.01 
(calculated by the ¢ test [13]). 

Histology of treated S-180.—Pronounced cyto- 
plasmic and nuclear changes were noted in the 
cells of S-180 following in vivo exposure to the 
action of SK 5357. To examine the onset and pro- 
gression of these changes, tumors were removed 
at 24-hour intervals following initiation of therapy 
and were prepared for histological study. SK 5357 


TABLE 3 
RECOVERY RATE OF MICE TREATED WITH SK 5357 


NO. EXPERIMENTAL CONDITIONS 


1 25 mg/kg/dayX7 by the intraperitoneal route; therapy 80 


started 24 hrs. after tumor implantation 
50 mg/kg/day X7, otherwise the same as No. 1 
3 100 mg/kg/day X7, otherwise the same as No. 1 


4 50 mg/kg/day X7 by the intraperitoneal route, therapy 30 


started 96 hrs. after tumor implantation 


5 Diet, supplemented with 62.5 mg/kg, fed ad libitum from 30 


24 hrs. after tumor implantation, day 1, through day 21 


and day 28 through day 62 


6 Diet, supplemented with 125 mg/kg, fed ad libitum from 24 30 


hrs. after tumor implantation, day 1, through day 7 and 


day 15 through day 21 


7 Diet, supplemented with 250 mg/kg, otherwise the same as 20 


No. 6 
Totals 
Means + standard error 


than that of the controls, and the number of re- 
coveries was doubled. As in experiments described 
above, recovery in treated animals occurred by 
resorption of the tumor—in controls, by extrusion 
of hemorrhagic, necrotic, tumor masses. 

Table 3 summarizes the recovery rates obtained 
in all experiments in which treated mice were held 
sufficiently long to evaluate the effect of treatment 
on survival. Among the 215 controls thirty-three 


TREATED CoNTROL DIFFERENCE 
No. Recovery No. Recovery IN RECOVERY 
rate rate RATE 
(T) (C) (T-C) 
(per cent) (per cent) (per cent) | 
50 18.0 +13.2 
60 28.3 45 8.9 +19.4 
75 37 .$ 45S 15.5 +21.8 
40.0 25 12.0 +28 .0 
‘40.0 30 20.0 +20.0 
40.0 10 20.0 +20.0 
35.0 10 20.0 +15.0 
325 215 
36.021 .7 16.32+1.7 +19.6+1.8 


was injected intraperitoneally in a dose of 100 
mg/kg/day contained in 0.5 ml. of CMC suspen- 
sion; treatment was started 24 hours after tumor 
implantation. 

Changes evident in tumors treated for 24 or 48 
hours were essentially the same. Moderate stromal 


_ edema and slight enlargement of both nucleus and 


cytoplasm had occurred. After 72 hours the 
stromal edema was more marked and cellular en- 
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largement more evident. Major changes were 
found at 96 hours; nuclear aberrations, such as 
hyperchromasia and pyknosis, were prominent, 
and giant-cell formation was seen. The edema 
previously noted was less marked. 

At 120 hours the tumors were largely composed 
of giant cells, many of which were multinucleated. 
Nuclei were large and possessed varied and 
bizarre chromatin patterns; there was little or no 
edema. Tumors at 144 hours were essentially simi- 
lar in appearance; cell boundaries were more 
sharply defined, and nuclear and cytoplasmic 
vacuoles had appeared in some cells. A few of the 
giant cells had irregular, stellate cytoplasmic proc- 
esses and bizarre, deeply basophilic, peripherally 
located nuclei. By 192 hours this type of cell pre- 
dominated in treated tumors (compare Figs. 1 
and 2). 

Sarcoma 180, even during early stages of growth 
in the mouse, contains small areas of necrosis 
which increase in size and incidence as the tumor 
develops. These necrotic areas are particularly 
evident at 168-192 hours after implantation.‘ Of 
interest is the fact that the treated tumors de- 
scribed above were free of necrosis. 

Resistance of S-180 to SK 5357.—The evidence 
marshalled above demonstrates that SK 5357 in- 
hibits the growth of S-180 to a significant, though 
moderate, extent; causes marked histological al- 
teration in the majority of tumor cells; prolongs 
survival time of the host; and mduces complete 
resorption of one-third of the treated tumors. 
What factors accounted for therapeutic failures in 
the remaining two-thirds? Certain of these failures 
may be attributed to toxicity of SK 5357 per se or 
to a combination of its effects and the morbidity 
produced by S-180 itself. On the other hand, there 
is evidence for a rapid appearance of resistance to 
SK 5357 in treated tumors. 

The first indication of resistance was obtained 
in experiments designed to test the “‘viability”’ of 
treated tumors after reimoculation into normal 
mice. Implants from untreated tumors almost in- 
variably ‘‘take’”’ and grow in normal, CFW mice 
(35). However, following therapy with SK 5357 
(100 mg/kg/day for 7 consecutive days) this 
capacity was largely impaired. A series of 33 mice 
surviving therapy in various experiments has 
served to illustrate this point. On the day fol- 
lowing the last injection, tumors were removed, 
and those presenting the most favorable gross ap- 
pearance were used for transplantation into nor- 
mal mice. Thus trocar pieces from 21 tumors were 
implanted into 33 normal mice. In 30 of these 
mice tumors failed to appear. In the remaining 
three mice, slowly growing tumors appeared which 


did not exceed the size of the original implant 
until the 3d week. The delayed appearance and 
reduced rate of growth raised the question whether 
these tumors might have been altered strains of 
S-180, possibly resistant to SK 5357, or whether 
the implants at time of transplantation might 
have contained inhibitory amounts of mercapto- 
purine or of an active derivative arising from its 
metabolism. No conclusive evidence has been ob- 
tained in favor of either possibility. However, a 
demonstration of the origin of resistance in S-180 
has been made and is described below. 

For this demonstration a tumor which had 
grown in a bioassay experiment similar to the one 
just described was selected for further study. As 
shown in bioassay 1, Chart 3, this tumor was al- 
lowed to grow for 28 days after implantation 
without further treatment. At this time the tumor 
which had grown to diameters of 9.6 mm. X 10.1 
mm. was removed and transplanted into five 
normal mice, bioassay 2. All implants grew slowly; 
after 8 days of growth the mean of the averaged 
diameters was 7.4 mm. (S.D., +0.4) as compared 
to a similar parameter for five normal control 
tumors of 12.0 mm. (S8.D., +1.7). Low-dose 
therapy with SK 5357 (25 mg/kg/day) was ini- 
tiated at this time and contiued as shown in 
bioassay 2, Chart 3. In subsequent bioassays, al- 
though all implants grew, it was customary to 
select for passage only that tumor of each group 
which by gross appearance was judged most 
satisfactory. | 

The 25 mg/kg/day dose was employed in bio- 
assay 3. In subsequent bioassays doses were in- 
creased to 100—125 mg/kg/day. In spite of the 
increased dosage all transplants grew in bioassays 
5 through 7. These results were in contrast to the 
impaired capacity for growth described above in 
the case of transplants derived from S-180 which 
had received but one course of treatment. Such a 
difference of response to the test of transplanta- 
tion was, by itself, persuasive evidence for the 
development of resistance. Additional evidence 
was obtained from the observation that in spite of 
treatment with large doses, transplants grew in 
bioassays 5 through 7 at rates comparable to 
those of the untreated implants designated as 
“controls” in Chart 3. For example, at the end of 
therapy in bioassay 6 the average diameter of 
treated tumors was 7.8 mm. (S.D., + 0.5); of un- 
treated “‘controls,” 8.3 mm. (S.D., + 1.2). The in- 
significant inhibition produced by SK 5357 in this 
experiment was in contrast to its effects in normal 
S-180 (Tables 1 and 2). 

Each of the treated tumors from bioassay 6 
served as a mouse-to-mouse donor for the experi- 
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mental group in bioassay 7. In addition, five trans- 
plants obtained from the tumor of mouse 3 were 
employed as untreated “controls” (Chart 3). At 
the end of treatment in bioassay 7 the average 


DEVELOPMENT OF RESISTANCE TO 
6-MERGAPTOPURINE BY SARCOMA- 180 


@ 
7 days, SK-5357, 50 mg/kg 


Bioassay (1) 
b ® 


No Growth 


28 days 
Mod. Growth 


Bioossay (2) 
€ 
® ® ® @ 6 


8 days, No Therapy 
6 days, SK-5357, 25 mg/kg 


® 
as 
@ @ 
7 days, SK-5357, 25 mg/kg 
@ 
Bioassay (4) 


7 days, SK-5357, 125 mg/kg 
7 days, No Therapy 
7 days, SK-5357, |OO mg/kg 


© 
Bioassay (5) A 
dD ®@ @ © 6 ®@ & 
13 days, SK-5357, 100 13 days, Diluent= 
mg/kg Controls 
@ 
Bioassay (6) 
© @ @ @ © @ @ 
9 days, SK-5357, lOO 9 days, Diluent= 
kg Controls 

Bioassay (7) 

@ © ® ®@ 6 
7 days, SK-5357, 100 7 days, Diluent= 

mg/kg Controls 

Histology Histology 


Treatment initiated 24 hrs. after bioassay. SK-5357 
injected |. as a CMC suspension in the usual 
volume of O5 mi. once daily. See text for further 
description. 


Cuart 3.—Transplantation and treatment history of a 
tumor with apparent resistance to SK 5357. 


diameters of experimental and “control”? tumors 
were 6.9 mm. (S.D., +0.6) and 7.4 mm. (8.D, 
+0.5), respectively. 

All tumors obtained in bioassay 7 were removed 
for histological study; Figures 3 and 4 illustrate, 
respectively, the microscopic appearance of the 
treated and “control”? groups. The “controls”’ 


(Fig. 4) were similar to normal S-180 (Fig. 1); the 
treated, resistant tumors differed from normal] 
5-180 merely in respect to a moderate increase in 
cytoplasmic vacuolization (Fig. 3). This moderate 
change was in contrast to the marked alteration 
induced in normal S-180 by SK 5357 (Fig. 2). 

Antagonism and/or synergism.—Efforts either 
to oppose or to enhance the activity of SK 5357 
against S-180 have, to date, proved unsatisfactory. 
Various compounds were given just prior to or 
simultaneously with SK 5357 (100 mg/kg/day, 
intraperitoneally, for 7 days). These included the 
following (mg. values after each compound indi- 
cate daily dose/kg): adenine (100 mg.), guanine 
(250 mg.), xanthine (500 mg.), hypoxanthine 
(250 mg.), 2,6-diaminopurine (35 mg.), 8-aza- 
guanine (50 mg.), citrovorum factor (5 mg.), and 
folic acid (25 mg.). Treatment of mice with 
SK 5357, 50 mg/kg/day for 4 days prior to im- 
plantation of tumor, had no effect on the growth 
of S-180. Nor did a single large dose (125 mg/kg) 
24 or 96 hours after tumor implantation, followed 
by nine daily doses of 50 mg/kg, significantly alter 
the tumor inhibition to be seen with the lower dose 
alone. 


ToxiIcoLoGcy OF 6-MERCAPTOPURINE IN MICE 
IMPLANTED WITH SARCOMA 180 


The data of Table 1 indicated that doses of 6- 
mercaptopurine greater than 50 mg/kg/day 
caused weight loss and shortened the survival time 
of mice with tumors. In order to study the patho- 
logic changes, mice were given, beginning 24 hours 
after implantation of tumor, seven successive 
daily doses of 50, 100, or 125 mg/kg/day and were 
sacrificed 24 hours after the final dose. Granulo- 
cytopenia and reticulocytopenia were the out- 
standing alterations of the blood cells (Table 4), 
and microscopic observations of sternal bone mar- 
row revealed hypoplasia (20—70 per cent depletion 
in cellularity). Involution was found in the thy- 
mus, but no significant histologic changes were 
evident in lymph nodes or spleen. A slight swelling 
of the nuclei appeared in glandular epithelium of 
small and large intestine of individuals given doses 
of 100 or 125 mg/kg/day. 


ToxIcoOLoGy OF 6-MERCAPTOPURINE IN 
NorRMAL MAMMALS 


Mice.—The data summarized in Table 5 indi- 
cate that saline and CMC suspensions of SK 5357 
were not significantly different in toxicity. The 
agent, when given by oral intubation, proved 
somewhat less toxic than by intraperitoneal ad- 
ministration. Limited studies with the AKR strain 
suggested that both sexes were equally susceptible 
to intoxication and that AKR mice were some- 
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what more resistant to SK 5357 than the CFW 
mice. 

The course of fatal intoxication following single 
doses of SK 5357 proved similar regardless of the 
strain of mice or the route of administration em- 
ployed. Of 150 CFW and AKR animals, given 
250 or 500 mg/kg either intraperitoneally or by 
oral intubation, the majority, 87, succumbed be- 
tween 4 and 7 days after intoxication. Only eight 
fatalities were recorded earlier than 72 hours, and 
fourteen others were noted during the 2d week. 
Fatal doses did not elicit significant changes dur- 


time of sacrifice. Cell counts in the blood at 72 
hours revealed marked reticulocytopenia and 
moderate elevation of the hematocrit. Microscopic 
study of the animals killed at 72 hours revealed the 
following: moderate hypoplasia of sternal bone 
marrow (30-40 per cent depletion in cellularity), 
thymic involution, and, in the small and large in- 
testine, swelling of nuclei in surface and glandular 
epithelium as well as edema, congestion, and 
leukocytic infiltration of the mucosa. A small 
number of intestinal glands in each animal were 
dilated and contained necrotic debris. The changes 


TABLE 4 


BLOOD CELLS IN S-180-BEARING MICE TREATED WITH 6-MERCAPTOPURINE* 
(Mean Values + Standard Deviations) 


DIFFERENTIAL 
RBC RETICULOCYTES WBC Monos Polys 
Group (cells/ec mm X 10-6) (per cent) (cells/e mmX 1073) (per cent) 
Control 10.0+1.5 2.8+1.8 4.5+1.1 68 32+6.4 
SK 5357 8.6+1.5 0 1.1+0.7 98 2+2.6 


* Ten mice in each group. Treatment initiated 24 hours after tumor implantation. Saline suspension, 100 
mg/kg/day, injected I.P. in 0.5 ml. for 7 days. Blood from abdominal aorta. 


TABLE 5 
TOXICITY OF 6-MERCAPTOPURINE IN MICE AND RATS 
No. of 19/20 
successive LDso Confidence S* 
Route of daily (mg/kg/ limits* 
Species administration Preparation doses day) (mg/kg/day) 

intraperitoneal saline suspension 1 Q27 199-259 1.24 
Mice, CFW male intraperitoneal saline suspension 5 98 82-117 1.21 
intraperitoneal CMC suspension 1 Q75 224-338 1.27 
oral alkaline solution 1 338 T 1.21 
Mice, AKR male intraperitoneal CMC suspension 1 350 T 1.10 
Mice, AKR female intraperitoneal CMC suspension 1 350 T 1.10 
intraperitoneal saline suspension 1 255 199-327 1.25 
Rats, Wistar male intraperitoneal saline suspension 5 59 44— 78 1.28 
oral alkaline solution 1 382 268-546 1.37 


* Calculated according to Litchfield and Wilcoxon (21). 


+ Confidence limits not calculated since expected mortality for doses used was either >84 per cent or <16 per cent (21). 


ing the first 6 hours. However, at 24-48 hours 
after 500 mg/kg were administered intraperito- 
neally, all mice were weak and unkempt in appear- 
ance, and a significant loss in body weight was 
observed. These manifestations progressed in 
severity, and terminally animals were found to 
have decreased in weight by 30-40 per cent. Diar- 
rhea was also noted during the final day of sur- 
vival. In individuals surviving after single doses of 
125 or 250 mg/kg, transient losses in weight were 
observed during the 1st week which were subse- 
quently recovered in the 2d week after injection. 

To compare pathologic alterations caused by 6- 
mercaptopurine in mice with those elicited in rats 
(see below), a small number of CFW males were 
given 500 mg/kg by oral intubation and were 
sacrificed in groups of 5 at 24, 48, and 72 hours. 
No macroscopic tissue changes were found at the 


described above were less marked in the large than 
in the small intestine. 

Rats.—The results presented in Table 5 indicate 
that rats and mice are equally susceptible to 6- 
mercaptopurine. However, the course of fatal 
intoxication in the former species was shorter in 
duration than that in mice. For example, the ma- 
jority of fatalities among rats given lethal doses 
occurred between 24 and 48 hours after intra- 
peritoneal administration and between 72 and 96 
hours after oral intubation (250-555 mg/kg). Like 
mice, fatally intoxicated rats exhibited progressing 
weakness and loss of body weight. In addition, 
rats became dyspneic within 24 hours after in- 
jection and continued, until time of death, to give 
evidence of severe respiratory embarrassment—a 
manifestation of intoxication not found in mice or 
in cats and dogs (see below). 
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Pathologic alterations caused by SK 5357 were 
studied in the following groups of rats: (A) twelve 
given two successive daily doses of 100 mg/kg/day 
intraperitoneally and sacrificed at 48 hours; (B) 
six given the same dose but sacrificed at 96 hours; 
and (C) six intubated orally with 500 mg/kg and 
sacrificed at 72 hours. Severe dyspnea was evident 
in each animal before sacrifice and was associated 
with variable amounts of pleural effusions. For 
example, it was possible to withdraw by syringe 
between 2 and 7 ml. of clear fluid from the thorax 
of each group C rat. The fluid formed soft clots 
and contained 100-108 meq/1 Cl and 2.9-3.6 
gm protein/100 ml. Gross lesions were noted in the 
lungs of only six of the 24 animals sacrificed; these 


TABLE 6 


HEMATOLOGICAL FINDINGS IN RATS 
GIVEN 6-MERCAPTOPURINE 


(Mean Values + Standard Deviations) 


Neutro- Ly mpho- 

Reticulo- Hemato- phils cytes 

cytes crit (cells/ (cells/ 

Group (per cent) (m1/100 ml) ec mmX107%) c mmX 107%) 
Control* 2.1+0.4 45+2.4 0.9+0.3 4.9+1.6 
Af 1.8+1.1 57+5.6 1.2+0.5 2.2+1.8 
Bi 0 62+3.5 1.0406 0.4+0.1 
CT 0.3+0.2 64+9.2 1.9+0.6 1.4+0.8 
* Thirteen animals. 


t See text for treatments. 


changes included scattered gray-yellow areas of 
consolidation in five, edema in one, and atelectasis 
in one. Edema of the thymus was also prominent 
in animals of groups B and C. Bone marrow ex- 
pelled from their femora was dark red and fluid. 
Liver lobes of group C animals were rounded and 
exhibited numerous superficial areas of reddish- 
yellow discoloration. Finally, the rats of groups A 
and B, which had received intraperitoneal injec- 
tions, contained accumulations of peritoneal fluid 
and adhesions among abdominal organs. This evi- 
dence of peritonitis, confirmed subsequently by 
microscopic observations, probably resulted from 
a direct inflammatory action of 6-mercaptopurine, 
since it was not found in animals given the 
agent by oral intubation (group C). It is interest- 
ing to note that direct damage to the peritoneal 
lining has been previously reported to occur in 
rats given adenine by intraperitoneal injection 
(26). 

Hematologic alterations, as seen in Table 6, 
included reticulocytopenia, lymphopenia, and ele- 
vation of the hematocrit. In view of the coincident 
pleural effusions the last mentioned change was 
not unexpected. Although the neutrophil count 
was not depressed, the granulocytes were ob- 
served to be uniformly hypersegmented. Sternal 


bone marrow of the three groups of rats appeared 
hypoplastic in histologic sections (20—75 per cent 
depletion in cellularity), and involution of the 
thymus was prominent. Microscopic changes were 
also observed in the small and large intestines of 
all rats; these were most marked in group B, in 
which they resembled lesions described above in 
mice given 500 mg/kg by oral intubation. 

Additional histologic changes were evident in 
liver, lung, and heart; these lesions—to be de- 
scribed in detail elsewhere'—will be summarized 
briefly herein. In liver, areas of diffuse necrosis 
occurred principally, but not exclusively, in sub- 
capsular regions. The lesions involved numerous 
adjacent lobules in each of which damage was 
diffuse in distribution. Necrotic areas were sur- 
rounded by polymorphonuclear leukocytic infiltra- 
tions. Hepatic damage was found in seven of the 
twelve rats of group A and in all animals of groups 
B and C; it was most extensive in Group C. In 
lungs, edema was observed in perivascular and 
peribronchial tissues, and was also present in 
perithymic tissues. Fluid in alveoli occurred in 
only one rat in Group C.® Such microscopic altera- 
tions were not found in mice and dogs. In heart, 
acute myocarditis was seen in five of the six rats 
in group C. 

Cats.—Acute manifestations were not observed 
in two pairs of cats given intravenous injections of 
50 and 100 mg/kg of SK 5357, respectively. Dur- 
ing the following 7 days the animals survived, 
though the pair given the higher dose became 
anorexic, lost weight, and appeared “unhealthy.” 
Observations were terminated at the end of this 
period. 

Dogs.—Intoxication was studied in ten dogs 
receiving repeated intravenous injections of 
SK 5357. In two animals given three successive 
daily doses of 50 mg/kg/day, emesis was the earli- 
est disturbance noted. Episodes of vomiting began 
within 5 hours after the first dose and continued 
intermittently thereafter. Both animals failed to 
eat their usual daily allotment of food and lost 
weight progressively. During the 4th day following 
the initiation of treatment, each animal mani- 
fested bloody diarrhea. One individual succumbed 
by the end of this day; the other, listless, weak, 
and obviously ill, was sacrificed for pathologic 
study. Marked hemoconcentration was found in 
the latter dog’s blood obtained immediately before 
sacrifice; the hematocrit had increased to 65 per 
cent from a pretreatment value of 45 per cent. Its 


5S. S. Sternberg, D. A. Clarke, and F. S. Philips, to be 
published. 

6 Additional studies of the pathogenesis of pulmonary dam- 
age in rats have revealed necrotic changes in alveolar septa. 


b 
: 
+ 
sia 
| 
4 
: 
i 
» 
tte 
Fai 
‘ 
é 
‘rad 
4 
iM 
| 
3 
= 
¥ 


Ct 


CLARKE et al.—E ffect of 6-Mercaptopurine on Mouse Tumors 601 


plasma was bright yellow and contained an exces- 
sive concentration of bilirubin (8.8 mg/100 ml). 
The principal findings at autopsy included yellow 
discoloration of the renal medulla, hemorrhages in 
mesenteric lymph nodes, dark, bloody fluid in 
small and large intestine, and numerous hemor- 
rhages in the mucosa of the colon. Microscopic 
changes will be described below. A second group of 
dogs was given four successive daily doses of 25 
mg/kg/day, and the pertinent findings obtained 
are listed in Table 7. Although anorexia in all and 
emesis in dogs 1 and 2 were noted during the first 
week of mtoxication, none of the animals devel- 


ficed at 7 days. Its autopsy revealed yellow dis- 
coloration of organs such as the liver, kidney, and 
aorta; dark, bloody fluid in small intestine; and 
tarry, inspissated stool in colon. No other gross 
changes were noted. 

A final group of four dogs was given nine doses 
of 10 mg/kg/day during a period of 10 days. 
These animals survived and exhibited only mod- 
erate weight loss and no significant alterations in 
plasma chloride, plasma bilirubin, or sulfobromo- 
phthalein retention. Two weeks after initiation of 
treatment granulocyte counts were moderately 
decreased to levels between 38 and 58 per cent 


TABLE 7 


EFFECTS OF 6-MERCAPTOPURINE GIVEN INTRAVENOUSLY IN DOGS 
(25 mg/kg/day at 0, 1, 2, and 3 days) 


SULFOBRO- 

PLASMA MOPH THALEIN 
Day OF OB- WEIGHT Hematocrit Neutrophils Lymphocytes Chloride Bilirubin TEST* 

Doce SERVATION (kg.) (m1/100 ml) (/mm*X 107%) (/mm*X 107) (meq/ 1) (mg/100 ml) (mg/100 ml) 
1 0 16.1 41 8.4 3.8 118 0.15 0. 26 
4 15.0 45 6.3 2.1 104 1.75 1.98 
7 14.8 40 0.5 3.9 102 1.70 1.81 
ll 15.0 Q7 0.2 5.1 118 0.50 0.73 
14 15.5 24 8.7 6.9 120 0.35 0.29 
Q 0 15.0 46 4.8 2.1 116 0.15 0.38 
4 - 14.1 59 7.6 0.1 101 1.00 1.35 
78 13.4 72 5.0 0.6 94 8.20 2.72 
3 0 15.2 50 5.5 4.4 118 0 0.28 
4 14.4 54 4.1 0.5 105 0.90 1.88 

rf 13.6 60 Bad 0.6 100 4.00 

10 13.2 54 7.4 3.8 97 4.10 2.55 
15 12.7 47 4.3 3.0 106 0.60 0.74 
4 0 14.1 51 11.8 0.5 126 0.50 0.25 
4 13.4 57 10.1 0.2 100 1.95 2.54 
7 12.6 57 3.0 1.1 102 2.05 2.75 
10 12.5 49 8.2 0.7 89 2.10 2.68 
15 12.3 45 12.5 2.4 104 0.65 1.84 


S = sacrificed. 


* A concentration of 1 mg/100 ml of blood may be equated to an approximate “‘retention”’ of 20 per cent. 


oped hemorrhagic diarrhea. Nevertheless, an in- 
spection of Table 7 reveals certain other morbid 
changes shared by each dog. Among these were 
weight loss, hemoconcentration, granulocytopenia 
(except in dog 2), hypochloremia, hyperbilirubin- 
emia, and increased retention of sodium sulfo- 
bromophthalein. During the period when both 
sulfobromophthalein retention and plasma biliru- 
bin were elevated, each dog exhibited choluria and 
a yellowish hue in sclera and buccal mucosa. As an 
example, bilirubin in a concentration of 5 mg/100 
ml was found in urine of dog 8 collected during 
the 8th day. : 
By the end of the 2-week periods included in the 
results of Table 7, dogs 1, 3, and 4 evidenced re- 
covery from serious manifestations of intoxication. 
They were observed for an additional 2 weeks 
during which they continued to improve. The most 
seriously intoxicated individual, dog 2, was sacri- 


of initial values, and lymphopenia was present in 
two of the four dogs. At this time hematocrit 
values were found to have fallen by 15, 20, 24, and 
27 per cent, respectively. In two of the animals, 
hematocrits were determined again 10 days later 
without evidence of further change. The rapid 
appearance of anemia in these individuals and in 
dog 1 (Table 7) suggested that suppression of 
erythrogenesis was not the sole factor involved. 
It is conceivable that intestinal bleeding may have 
contributed to red cell losses.’ 


7 The possibility was considered that SK 5357 might be a 
hemolytic agent. However, gross hemolysis was not found in 
blood samples obtained routinely from various mice, rats, and 
dogs used in the current study. Furthermore, in the dogs given 
successive doses of 10 mg/kg/day, fragility of erythrocytes to 
hypotonic solutions of NaCl (38) remained unaltered during 
and after treatment. Nor did erythrocyte fragility change in 
rats given 100 mg/kg intravenously and sacrificed in pairs at 
3, 2, and 24 hours, respectively. 
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In the two above animals, sacrificed for histo- 
logic study, intestinal lesions were the principal 
findings. In the small intestine these included 
widespread denudation of surface epithelium, 
congested and dilated capillaries in tips of denuded 
villi, swelling and atypia of glandular nuclei, leu- 
kocytic infiltration throughout the mucosa, and, in 
dog 2 (Table 7), regenerative changes in surface 
epithelium. The colons of both dogs showed only 
moderate glandular atypia, intact surface epi- 
thelium, and, in the dog given 50 mg/kg/day, 
numerous recent hemorrhages in the mucosa. 
Other histologic alterations included moderate de- 
pletion of cellularity in vertebral bone marrow® 
and occasional, small areas of focal hepatic necro- 
sis in dog 2. 

DISCUSSION 

Sarcoma 180 has in the past proved unusually 
resistant to chemotherapeutic measures. Although 
a number of agents have been described as in- 
hibitors of S-180, none has been shown to damage 
this tumor to such an extent that there occur both 
complete disappearance of the neoplasm and re- 
covery of treated animals. Nor have such agents 
been as effective against older, well vascularized 
and growing tumors as they are against 1-day-old 
transplants. Against this background the evidence 
adduced above reveals that 6-mercaptopurine is a 
novel substance. However, its “curative’’ effects 
against S-180 are not unique among chemothera- 
peutic actions of different agents against other 
transplantable rodent tumors. For example, 4- 
aminopteroylglutamic acid has been shown to 
cause complete destruction of the rat sarcoma 
R39 (34). Certain compounds with nitrogen 
mustard activity have caused similar results in the 
same tumor as well as in other rat sarcomas and 
carcinomas (35). 2,4,6-Triethylenimino-s-triazine, 
a compound with nitrogen mustard-like activity, 
has caused significant destruction of carcinoma 
1025 in the mouse and, in rats, has caused com- 
plete recoveries from sarcoma R39, Jensen sar- 
coma, Flexner-Jobling carcinoma, and the Walker 


8 Serial aspirations of iliac crest marrow were made in 
several dogs anesthetized with sodium thiopental. The authors 
are indebted to Dr. Leonard Hamilton for his examination of the 
smears. Two days after initiation of treatment in dogs 1 and 2 
(Table 7) toxic cells appeared in both erythroid and myeloid 
series. There was clumping and condensation of nuclear chro- 
matin with frank pyknosis. These changes persisted through 
day 11 and were acompanied by apparent, progressive deple- 
tion in cellularity. Reduction of erythroid elements appeared 
greater than of the myeloid series. Samples taken at day 14 
‘showed initiation of recovery with a marked increase in eryth- 
rogenesis. Serial aspirations were also studied in two of the 
four dogs given doses of 10 mg/kg/day. At 11 days after initia- 
tion of their treatment abnormalities were seen similar to those 
described above. Beginning of recovery was noted in samples 
obtained at 14 days. 


carcinosarcoma 256 (36), as well as the sarcoma 
231 (7). 

The actions of 6-mercaptopurine in S-180 may 
be related to and possibly understood by its effects 
in other biological systems. Studies of growth 
inhibition with Lactobacillus casei suggest that the 
agent may act as an antimetabolite in purine 
metabolism (10). As mentioned above, the com- 
pound appears to prevent utilization of hypoxan- 
thine, primarily, and of adenine, secondarily, while 
having little or no effect on the metabolism of 
guanine and xanthine (11). Its locus of action can 
be distinguished from that of another adenine 
analog, 2,6-diaminopurine (9), by the lack of 
cross-resistance shown in strains of Z. casei made 
resistant to each of the drugs (11, 12). 

Moreover, 6-mercaptopurine is an inhibitor of 
xanthine oxidase but is oxidized by this enzyme 
to (apparently) 6-mercaptouric acid.® There are, 
thus, a number of independent points in purine 
metabolism at which the compound might act and 
at which the inhibition of the neoplastic cell might 
occur. The possibility also exists that its mecha- 
nism of action may be related to the mercapto 
group rather than to the purine moiety, i.e., be- 
come involved in sulfhydryl metabolism in some 
as yet unknown way. The bis-purinyl-disulfide 
(formed by oxidation of 6-mercaptopurine) has 
tumor-inhibiting properties similar to those of the 
mercaptan; this fact, however, casts little light on 
the relationship of these substances to sulfhydry] 
metabolism, since the disulfide undergoes spon- 
taneous dismutation to regenerate 6-mercapto- 
purine. 

The clear-cut antagonism between 6-mercapto- 
purine and natural purines in the growth of L. 
casei suggested several reversal experiments with 
natural purines, folic acid, and leucovorin, and 
combined therapy with other purine antagonists in 
trials with S-180. The negative outcome of these 
experiments neither supports nor disproves the 
hypothesis that the mode of action of the com- 
pound may be similar in the two biological sys- 
tems, but may result from failure to supply the 
specific metabolite affected by the drug. 

The demonstration that—as with L. casei— 
mercaptopurine-resistant strains of S-180 can be 
obtained with facility may help explain the failure 
of the agent to induce complete disappearance of 
tumor in more than one-third of the treated ani- 
mals. In spite of the marked cytological alterations 
produced by SK 5357 in the majority of cells of 
nonresistant S-180, two-thirds of treated tumors 
continue to grow and their hosts eventually suc- 
cumb. Such therapeutic failures in the face of pro- 


9 Unpublished experiments with D. Lorz. 
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longed treatment with SK 5357 may be attributed 
either to the adaptation of partially damaged cells 
to the agent with subsequent recovery or to the 
presence, among cells of normal S-180, of a small 
though significant number of relatively resistant 
mutants. The present experiments offer no evi- 
dence in favor of either possibility, though the 
latter is consistent with the findings of mercapto- 
purine-resistant mutants in L. casev. 

In view of the present observations, 6-mercapto- 
purine is to be included among the group of 
chemotherapeutic agents whose effectiveness as 
curatives may be largely nullified by development 
of resistance in treated tumors. In the micro- 
organisms drug resistance is accompanied by 
alterations in purine metabolism and a measurably 
increased requirement for folic acid (11). If resist- 
ance in S-180 is accompanied by similar changes, 
an increased sensitivity to folic acid antagonists 
would be expected as a result. 

In some respects the toxicology of 6-mercapto- 
purine resembles that of certain other inhibitors of 
S-180 such as nitrogen mustards (23), triethylene 
melamine and other polyethylenimines (25), 4- 
amino analogs of folic acid (27), and diamino- 
pyrimidine antagonists of folic acid (15). Thus, in 
mice, rats, and dogs, intoxication with SK 5357 
involves progressive weight loss, diarrhea, and 
lesions in intestinal epithelium as well as hemato- 
poietic damage characterized by reticulocyto- 
penia, leukopenia, and depletion of cellularity in 
bone marrow. These pathological changes, taken 
in conjunction with tumor inhibition, suggest a re- 
lationship between susceptibility and proliferative 
activity in different tissues. On the other hand, 
mercaptopurine differs from the above substances 
in respect to its hepatotoxicity. (The pulmonary 
lesions and myocarditis described above in in- 
toxicated rats have been observed only in this 
species; they will be the subject of a future publi- 
cation.) Accordingly, the possibility of a relation 
between hepatic dysfunction and inhibition of 
S-180 must be considered and is at present under 
investigation. Such a study is also indicated by re- 
cent unpublished observations in this laboratory of 
other hepatotoxic substances which are inhibitors 
of S-180, namely, N-methylformamide, as well as 
active fractions obtained from filtrates of Aspergil- 
lus fumigatus (28). Furthermore, the latter sub- 
stances differ from most known inhibitors of S-180 
in having little or no deleterious actions in bone 
marrow and intestinal epithelium. 

The results obtained with 6-mercaptopurine 
have stimulated synthesis and investigation of re- 
lated purines; these evaluations will be the subject 
of other publications. 

In conclusion, it is to be noted that, again, an 


agent—6-mercaptopurine—discovered to be an 
inhibitor of the Crocker mouse sarcoma, has 
proved active against certain human neoplasms. 
The compound has been evaluated most particu- 
larly in the leukemias, and the results so obtained 
will be described in another publication. 


SUMMARY 


6-Mercaptopurine, a purine antagonist for L. 
caset, has been shown to possess unique activity as 
an inhibitor of the experimental mouse tumor, 
S-180. The compound prolongs survival time of 
mice bearing this tumor and, in fact, induces com- 
plete recovery in a significant number of animals. 
These effects may be seen when treatment is 
initiated either 24 or 96 hours after implantation 
and when the agent is given by the oral or intra- 
peritoneal route. Cytological disturbance is in- 
duced in the tumor to an extent such that the ma- 
jority of cells lose their characteristic viability 
when transplanted to normal mice. Finally, a 
tumor has been developed which demonstrates 
resistance to 6-mercaptopurine; the implications 
inherent in this observation may represent a guide 
in the clinical applications of the agent. 

The toxicity of 6-mercaptopurine has _ been 
studied in mice, rats, cats, and dogs. No acute 
deaths were seen. In general, disturbances induced 
by this agent were referable to the hematopoietic 
system, the gastrointestinal tract, and the liver. 
Rats, when exposed to the compound, differed 
from the other species studied in that myocarditis 
and pulmonary lesions with effusion developed. 
6-Mercaptopurine has been advanced to the stage 
of clinical evaluation with interesting results. 
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Fria. 1.—Normal S-180. 400. 


Fic. 2.—S-180 following 7 days of treatment with SK 5357, 
100 mg/kg. X 400. 


Fic. 3.—Resistant S-180. From bioassay 7, Chart 3, fol- 
lowing 7 days of treatment with SK 5357, 100 mg/kg. 400. 


Fia. 4.— Resistant S-180. Control. From bioassay 7, Chart 3. 
400. 
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‘Tissue Culture Screening of Amino Acid Analogs for 


Selective Damage to Mouse Sarcoma Cells” 


JoHN A. JACQUEZ AND Frances Mottram 


(Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, New York, N.Y.) 


INTRODUCTION 


The work here reported was undertaken to 
evaluate the effects of amino acid analogs and 
various unnatural amino acids on tissue cultures 
of normal and neoplastic cells. It was hoped that a 
few of these amino acid analogs would have differ- 
ent effects on normal as compared to neoplastic 
cells and that we might find some to be con- 
siderably more toxic to tumor cells than to 
normal cells. Assuming that a difference in effects 
on normal and neoplastic cells implied some dif- 
ference in metabolism between such cells, an in- 
tensive study of these compounds in tissue culture, 
in conjunction with biochemical studies, might 
clarify the nature of these differences in me- 
tabolism. For a number of phenylalanine an- 
tagonists this has actually been done. It has been 
found that the toxic effect of $-(2-thienyl)-pL- 
alanine could be blocked by L-phenylalanine in 
cultures of mouse heart and in cultures of sarcoma 
T-241, and that phenylpyruvate blocked the toxic 
effect in heart but not in T-241 cultures. It was 
found that sarcoma T-241 could not transaminate 
phenylpyruvate to phenylalanine to any appre- 
ciable extent, whereas the heart cultures could. 
The results on 8-(2-thienyl)-pL-alanine have been 
given in detail in previous papers (10, 11). 


METHODS AND MATERIALS 


Cultures of heart which contained predominantly fibro- 
blast-like cells, from 1-day- to 2-week-old mice, and cultures 
of mouse sarcoma T-241 were used throughout. 

The method of preparing the chick embryo extract is given 
in a previous paper (9). Human placental cord serum was 
employed and was heated for 30 minutes at 60° C. before use. 
This treatment inhibits most of the clot lysis which usually 
occurs in the cultures of sarcoma T-241. 

Tissue cultures were set up in roller tubes, six implants of 
heart or of sarcoma T-241 per tube, in a clot made from 1 drop 
chicken plasma and 1 drop 20 per cent chick embryo extract. 
The cultures were kept in a rotor run at 10 r.p.h. at 35°-37° C. 


* This work was supported by grants from the American 
Cancer Society; the Damon Runyon Memorial Fund for 
Cancer Research; and the National Cancer Institute, National 
Institutes of Health, Public Health Service. 
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Each culture was fed 0.5 ml. of a mixture of embryo extract, 
cord serum, and X-6! solution (15) in the proportions 2:3:7.5 
within 1-2 hours after planting. Twenty-four hours later the 
compounds to be tested were added in 0.5 ml. X-6 solution. 
Twenty-four and 48 hours after adding the compounds al] cul- 
tures were examined and the toxic effects graded from 0-4+-. 
Rounding up of the cells, increase in granularity of the cyto- 
plasm, and disintegration of cells were taken as evidences of a 
toxic effect. A 4+ toxicity indicates that nearly all cells were 
rounded up and disintegrating. 

Differential toxicity (see Table 1) is defined as the ratio of 
the concentration of compound giving 2+ toxicity in the 
heart to the concentration giving a 2+ toxicity in sarcoma 
T-241 (i.e., a differential toxicity of 4 means that it takes 4 
times as much compound to give a 2+ toxicity in heart as in 
T-241). The inhibition index was determined as follows: Let 
XA be the um of an antimetabolite with approximately a 4+ 
toxicity, and Y be the um of an antimetabolite with approxi- 
mately a 2+ toxicity. Then, if Z represents the number of um 
of metabolite which, when added to X um of antimetabolite, 
results in a toxic effect equivalent to that given by Y um of 
antimetabolite, the inhibition index = X — Y / Z. 

It is evident from above that the middle of the toxicity 
range was used as the end point in the determination of differ- 
ential toxicity and the inhibition index. This was not always 
possible, because some compounds were not sufficiently toxic 
to allow such determinations. In Table 1, these cases are 
obvious from the toxicity data. 


RESULTS 


The results are shown in Table 1. For the sake 
of convenience, the compounds are grouped under 
various amino acids. This does not imply that they 
are necessarily antimetabolites for these amino 
acids. With all compounds, successive concentra- 
tions differed by a factor of two. Smaller concen- 
tration jumps were usually of little value, because 
the toxicity grading is rather crude, although one 
can usually distinguish the difference between the 
toxic effects of 143-fold concentration jumps at the 
middle of the toxicity range. For those compounds 
in Table 1 for which the concentrations giving a 
2+ toxicity are given, two twofold concentration 


1 X-6 solution is made up in double-distilled water in the 
laboratory to contain the following concentrations of materials, 
in grams per liter: NaCl, 8.00; KCl, 0.20; CaCl.-2H,0, 0.147; 
MgCl.-6H,0, 0.208; NaHCQs, 1.010; 0.213; and 
glucose, 1.00. The calcium chloride is dissolved separately and 
added to the solution of the other materials. The solution is 
then sterilized by filtration. 
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TABLE 1* 


THE TOXICITY OF AMINO ACID ANALOGS TO MOUSE HEART FIBROBLASTS AND 
CELLS OF SARCOMA T-241 IN TISSUE CULTURE 


ComMPouND 


Tryptophan: 


ethyl-a-nitro-8-(3-indole)-propionate 


B-(2-indolyl)-DL-alanine 
4-methyl-DL-tryptophant 
6-methyl-DL-tryptophan 
5-fluoro-DL-tryptophan 
Cysteine: 

allylglycine 

methallylglycine 

Methionine: 

methoxinine 

ethionine 

Aspartic acid and asparagine: 
cysteic acid 

a-methyl-aspartic acid 
a-methyl-asparagine 
Phenylalanine: 
B-(2-thienyl)-DL-alanine 
8-(3-thienyl)-DL-alanine 
6-(2-furyl)-DL-alanine 
8-(p-fluorophenyl)-DL-alanine 
8-(o-fluoropheny])-DL-alanine 
8-(m-fluorophenyl)-DL-alanine 
8-(p-chlorophenyl)-DL-alanine 
B-(o-chloropheny])-DL-alanine 
8-(m-chloropheny])-DL-alanine 
8-(p-bromopheny])-DL-alanine 


B-(o-bromopheny])-DL-alanine 
8-(m-bromopheny])-DL-alanine 
8-(m-iodophenyl)-DL-alanine 
B-(p-iodopheny])-DL-alaninet 


6-(1-naphthyl)-DL-alanine§ 
B-(2-naphthyl)-DL-alanine§ 
8-(3-thianaphthyl)-DL-alanine 
B-(m-tolyl)-DL-alanine 
8-(p-nitropheny]l)-DL-alanine 
B-(2-thiazole)-DL-alanine 
B-(3-pyrazole)-DL-alanine 
B-(2-benzimidazole)-DL-alanine 
8,6’-(dipheny])-DL-alanine 
a-methyl-DL-phenylalanine 
a-(pheny])-DL-alanine 


y-(phenyl)-DL-a-amino-n-butyric 


acl 


8-(3,5-dihydroxypheny])-DL-alanine 


N-acetyl-DL-phenylalanine 


N-chloroacetyl-DL-phenylalanine 
N-dichloroacetyl-DL-phenylalanine 
N-carbethoxy-DL-phenylalanine 


N-methyl-DL-phenylalanine 


N-hydroxyethyl-DL-phenylalanine 


DL-alanine 
Others: 


aminomethane sulfonic acid 


DL-norvaline 
methionine sulfoxide 


* We wish to thank the following for . 
h K. Barclay, 

D—Dr. Carl Niemann, California Institute of Tec 
Schayer, Northwestern University; H—Ab 


City 1, Utah; B—Dr. Ral 


Source 


P 
M 


K 
F 


CONCENTRATION FOR 2+ TOXICITY AT 48 HOURS 


Heart 
(um/ ml) 


+ 
2.5 
(1+ at 10) 
10 
1 


30 
(1+ at 30) 


(1+ at 15) 
(+ at 40) 


20 
(0 at 20) 
(0 at 20) 


12 
more than 
12 
less than 3 
5 
9 
more than 
12 
(+ at 9) 
(+ at 9) 


3 
(1+ at 11) 
5 


(0 at 12) 
(+ at 13) 
5 


6 
(+ at 11) 
(+ at 20) 
(+ at 20) 


10 
15 
+ 
15 
15 
(+ at 20) 
(0 at 20) 
7 
2.5 


less than 
2.5 

(+ at 40) 

(+ at 11) 


T-241 
ml) 


4 

1.5 
10 

5 

0.6 


8 
16 


11 
5 


5-10 


(0 at 20) 
(0 at 20) 


5 


Oro 


less than 1.5 
6 
more than 12 
less than 3 


more than 12 
3 
4 

more than 12 


2.5 

4 
(+ at 11) 
(1+ at 20) 
(+ at 20) 


4 
15 
2 


4 
20 
(+ —1+ at 20) 
less than 2.5 
less than 1.25 


2.5 


30 
(+ at 11) 


Differential 
Toxicity 


1 

Q 
about 2 

Q 

Q 


4 
about 4 


about 4 
10 or more 


2-4 


1-2 
Q 
1 or less 
2 or more 
2 
0.5 or less 
4 or more 
2-3 


0.25 or less 


2 
2 


more than 3 
more than 2 


less than 1 


about 1 


arl ‘Dittmer, University of — 


Inhibition 
Index 


0.2 or less 


12-24 
20 or more 
60 
8-16 

30 
30 


plying the above compounds: A—Dr. Marvin D. Armstrong, University of Utah, College of Medicine, Salt Lake 
oan-Kettering Institute for Cancer Research, New York 21, s¢ 

hnology; E—Dr. Karl Pfister, Merck & Co.; F—Dr. L. Reiner, Wallace and Tiernan Products; G—Dr. R 
bott Laboratories; J—Calco Chemical Company: J—Delta Chemical Works; K—Dow Chemical Company; [— 


Eastman Kodak Company; M—Lilly Research Laboratories; N—National Research Council; 0—Parke, Davis & Company; P—Upjohn Laboratories. 


T Not all dissolved at 10 uM/ml. 
t All not in solution at 12 u.M/ml. 
§ Insoluble at higher concentrations. 
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jumps on either side of this will cover the toxicity 
range 0-4-++. 

For compounds of low toxicity, the data are 
from one to two experiments only. For compounds 
which seemed of special interest to us, such as B- 
(2-thienyl)-pL-alanine, ethionine, {-(2-indolyl)- 
pt-alanine, and the halogenated phenylalanines, 
the toxicity data may come from more than 
twenty experiments, since a toxicity experiment 
was always run concomitantly with each blocking 
experiment. All inhibition indices come from at 
least two experiments. Nonetheless, the figures 
should be considered as approximate only. The 
toxicity grading method is not very sensitive, and 
one cannot accept the data in Table 1 as being on 
the same level of accuracy as comparable data 
from experiments with bacteria. This is not en- 
tirely the fault of the toxicity grading method but 
is partly owing to the inherent variations in the 
complex medium used in tissue culture work. This 
is particularly important when testing antimetabo- 
lites that have a high inhibition index. For these, 
slight variations in the amount of normal me- 
tabolite present in the medium could shift the 
toxicity range considerably. There seems to be no 
way to obviate this variability at present. We must 
wait for fully defined tissue culture media before 
we can expect more accurate results. Taking these 
factors into account, the differential toxicity and 
inhibition index may vary by a factor of two 
under the average conditions in our laboratory. 

The inhibition indices given in Table 1 are from 
experiments in which the antimetabolite was 
tested against the normal amino acid under which 
it is listed. However, the blocking experiments 
were more extensive than the table indicates. 
Additional blocking experiments are summarized 
below. 

The toxicity of 6-(2-indolyl)-pL-alanine was 
not blocked by L-tryptophan even when the cul- 
tures were pretreated for 24 hours with twice as 
much t-tryptophan as indolylalanine. t-Phenyl- 
alanine and glycine seemed to slow the onset of 
toxicity. The following compounds had no effect 
on the toxicity of 8-(2-indolyl)-pu alanine: L-his- 
tidine, pu-alanine, pui-threonine, pu-valine, L- 
leucine, pi-isoleucine, pL-norleucine, pL-aspartic 
acid, t-glutamic acid, L-lysine, L-arginine, L- 
cystine, L-cysteine, L-methionine, L-tyrosine, L- 
proline, .t-hydroxyproline, 6-(2-benzimidazole)- 
DL-alanine, benzimidazole, adenine, guanine, 
xanthine, hypoxanthine, uracil, thymine, cytosine, 
nicotinic acid, thiamin, pyridoxine, panthotenate, 
riboflavin, p-aminobenzoic acid, inositol, ascorbic 
acid, and folic acid. 

Ethionine toxicity was not blocked by L- 


methionine, L-cystine, L-cysteine, pL-homocystine, 
pL-homocysteine, choline, creatine, glutathione, 
guanidoacetic acid, or an equimolar mixture of 
glycine and arginine. Methionine, homocysteine, 
homocystine, and cysteine gave about the same 
toxicity picture as ethionine, at about the same 
molar concentrations. 

The inhibition index of 6-(2-thienyl)-pi-alanine 
antagonized by L-phenylalanine was usually some- 
what higher for heart than for T-241. Phenylpyru- 
vate blocked toxicity of the compound in heart 
cultures but not in T-241 cultures. None of the 
following compounds had any effect on the toxicity 
of 6-(2-thienyl)-pL-alanine: L-tyrosine, L-trypto- 
phan, p-phenylalanine, phenyllactic acid, phenyl- 
acetic acid, L-leucine, DL-isoleucine, pL-norleucine, 
DL-alanine, glycine, pi-threonine, L-cystine, L- 
cysteine, DL-aspartic acid, L-glutamic acid, DL- 
valine, L-histidine, L-arginine, L-lysine, glucose, 
acetoacetic acid, pyruvic acid, and a-ketoglutaric 
acid. 

With 8-(3-thienyl)-pL-alanine, it was found that 
phenylpyruvate blocked toxicity in heart cultures 
but not in T-241 cultures. Tyrosine did not block 
the toxicity. Similar results with phenylpyruvate 
and tyrosine were found with £-(2-furyl)-pL- 
alanine. 

The inhibition index of $-(p-fluorophenyl)-pDL- 
alanine, an antagonist of L-phenylalanine, was 
usually somewhat higher for heart than for T-241. 
Phenylpyruvate blocked toxicity in heart cultures 
but not in T-241 cultures. Tyrosine did not block 
the toxicity of 

Phenylpyruvate blocked the toxicity of 6-(o- 
fluorophenyl)-pt-alanine and of £-(m-fluoro- 
phenyl)-pt-alanine in heart cultures, but not in 
T-241 cultures. Tyrosine did not block their 
toxicity. 

The toxicity of 8-(p-chlorophenyl)-p1-alanine 
was not blocked by L-phenylalanine, L-tyrosine, or 
phenylpyruvate. These three compounds were 
also ineffective against each of the following: f-(o- 
chloropheny])-pL-alanine, 8-(m-chloropheny!)-DL- 
alanine, 6-(p-bromophenyl)-pL-alanine, 6-(m-bro- 
mopheny]l)-pL-alanine, 
nine, and 6-(3-thia- 
naphthyl)-pi-alanine. Nor was the toxicity of 
8,6’-(diphenyl)-pt-alanine blocked by 
alanine or phenylpyruvate. 

The relatively nontoxic a-methyl-pL-phenyl- 
aline did not block the toxic effects of .6-(2- 
thienyl)-pL-alanine. 


DISCUSSION 


The results with amino acid analogs may be 
compared to the corresponding data on purine 
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analogs obtained by Biesele and his co-workers at 
this institute (4-7). The most toxic of the amino 
acid analogs tested so far are less toxic than the 
most toxic purine analogs examined by Biesele 
et al. In general, the concentrations of purine ana- 
logs giving median toxicities are somewhat lower 
than the corresponding concentrations of the 
group of amino acid analogs. Some of the purine 
analogs have been shown to act as anti-adenines. 
There is good reason to think that many of the 
amino acid analogs interfere with protein synthe- 
sis. This may suggest that the mammalian cells 
studied are more sensitive to interferences in 
nucleic acid metabolism than to interferences with 
protein metabolism. This would certainly be com- 
mensurate with the central roles in protein synthe- 
sis now attributed to the nucleic acids. However, 
the possibility must also be entertained that the 
ill-defined tissue culture media may contain an 
effectively higher level of substances tending to 
antagonize the amino acid analogs than of ma- 
terial tending to counteract the purine analogs. 

Not only were the purine analogs generally more 
toxic than the amino acid analogs, but for those 
compounds which gave good differential toxicities, 
these were considerably higher than has been 
found with the amino acid analogs. It is apparent 
from Biesele’s results and from ours that low 
differential toxicities of the order of 2 are fairly 
common. We do not consider these as evidence of 
any specific effect on the tumor cells. From our 
general experience in toxicity studies on tumor and 
normal cells in tissue culture, it seems that cells 
of many tumors are more sensitive than normal 
cells to various deleterious influences. 

Our results suggest some generalizations as to 
the efficacy of various substitutions in making 
antimetabolites. We have had poor results with 
compounds in which a methyl group was substi- 
tuted for a hydrogen, whether on a ring system or 
otherwise. Most of these compounds were not 
toxic enough for us to determine inhibition in- 
dices. On the other hand, a halogen substituted 
for a hydrogen on a ring has always given fairly 
toxic compounds, although only the” fluorine- 
substituted compounds acted as competitive an- 
tagonists. This is shown by the group of ring- 
substituted, monohalogenated phenylalanines. 
The monofluoro phenylalanines were all good com- 
petitive antagonists, the inhibition indices being 
considerably higher than have been found for L. 
arabinosus (3) and Neurospora crassa (13). The 
fluorophenylalanines have also been shown to act 
as antiphenylalanines in experiments on rat 
growth, although in the intact rat there is some 
toxicity due to the production of morganic fluoride 


which cannot be blocked by phenylalanine (1, 2), in 
There may be some such effect in tissue culture nl 
also, since we have not always been able to block a 
the toxic effect completely with L-phenylalanine; tc 
in any case, this effect has not been prominent in tl 
the tissue culture studies. Although only the ce 


fluorophenylalanines acted as competitive an- 
tagonists, there is an interesting correlation be- 
tween the relative differential toxicities of the 
para, meta, and ortho substituted fluoro-, chloro-, 
and bromo-phenylalanines. In each case, the para 
and meta substituted compounds were more toxic 
to T-241 than to heart cultures, but the ortho 
substituted phenylalanines were more toxic to 
heart than to T-241 cultures, the effect increasing 
in the order F, Cl, Br. The para and meta halogen- 
substituted phenylalanines were more alike, and 
the ortho substituted phenylalanines seemed 
different. This suggests that whatever the basis 
for these differential toxicities, 1t depends on a 
steric effect and does not depend on a reaction 
with the ring. Such steric effects are not uncom- 
mon in biological systems. For example, the de- 
gree of cross reaction observed between ortho, 
meta, and para substituted benzene ring haptens 
depends primarily on the steric factor (14). If a 
reaction with the ring were involved one might 
expect the usual ring substitution reactivity series 
for the benzene nucleus (2.e., ortho and para alike 
and meta different). From the similarity in differ- 
ential toxicities, it is possible that the chloro- and 
bromo-substituted phenylalanines interfere with 
the same system as the fluoro-substituted phenyl- 
alanines, although noncompetitively. This is 
probably an interference with protein synthesis. 
The fluoro-phenylalanines are similar to £B-(2- 
thienyl)-pt-alanine, 6-(3-thienyl)-pL-alanine, and 
6-(2-furyl)-pt-alanine (10). With all these com- 
pounds there is an essentially competitive an- 
tagonism with t-phenylalanine. Phenylpyruvate 
can replace L-phenylalanine in heart cultures but 
not in sarcoma T-241 cultures, because the heart 
cultures can transaminate phenylpyruvate to form 
L-phenylalanine, whereas the T-241 cultures can- 
not do so. It is apparent that the thiophene and 
furan rings are rather good substitutes for the 
benzene ring but that naphthyl, thianaphthy], 
thiazole, and pyrazole rings are poor substitutes 
for the benzene ring. The above results on mam- 
malian cells in tissue culture fit in quite well with 
the generalization that effective competitive an- 
tagonists do not differ much in structure from 
their metabolite and that large structural changes 
result either in lowered activity. or in a compound 
which acts as a noncompetitive antagonist (20). 
Two other compounds have been of special 
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interest to us, 6-(2-indolyl)-pL-alanine and ethio- 
nine, the former because of its rather high toxicity 
and the latter because of its high differential 
toxicity. The shift of the alanine side chain from 
the 3- to the 2-position in tryptophan involves a 
considerable change in structure. Lt-Phenylalanine 
and glycine seemed to slow down the rate of 
appearance of toxicity, but no real blocking agents 
were found. It is possible that a mixture of amino 
acids would have some effect. Ethionine represents 
a special case: Its over-all toxicity is low, but it 
has a high differential toxicity. Although in one 
experiment there was slight evidence for a blocking 
effect with methionine, this could not be repeated. 
In all subsequent experiments, methionine in- 
creased the toxicity of ethionine. Furthermore, 
methionine, homocysteine, homocystine, and cys- 
teine were found to give about the same toxicity 
pictures as ethionine. In the rat and mouse the 
toxicity of ethionine can be blocked by methionine 
and choline (16, 19), but even in these animals the 
picture is not one of simple competitive an- 
tagonism. There is evidence that some of the 
ethionine toxicity in the rat is due to: (a) transfer 
of the ethyl group to form toxic ethyl analogs of 
normal metabolites such as choline (17, 18) and, 
possibly, (6) some incorporation of ethionine into 
the body proteins to give abnormal proteins (12). 
The action of ethionine in tissue cultures is prob- 
ably as complex as in the intact animal. The 
toxicity picture seems to be due to a property 
common to ethionine and methionine; it does not 
seem to be related to transmethylation. 

Most of the compounds in Table 1 have been 
tested against Crocker mouse sarcoma 180 in the 
in vivo screening program at the Sloan-Kettering 
Institute and have given negative results. 


SUMMARY 


1. Comparative toxicities in tissue cultures of 
mouse heart and of sarcoma T-241 are reported 
for 50 amino acid analogs. 

2. Although highly toxic compounds were 
found in this group, high selective toxicities to 
sarcoma T-241 were rare. . 

3. Of a group of halogenated phenylalanines, 
only the fluorophenylalanines were competitive 
antagonists of L-phenylalanine, but the effect of 
the position of substitution on the differential 
toxicity was similar for the chloro- and bromo- 

phenylalanines. 

_ 4. Ethionine showed a fairly high selective 
toxicity to sarcoma T-241. Its toxicity was not 
blocked by methionine or choline. Methionine 
gave about the same toxicity picture as did 
ethionine. 
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The Heterologous Iransplantation of 
the V-2 Rabbit Carcinoma’ 
Harry S. N. GREENE 


(Department of Pathology, Yale University School of Medicine, New Haven, Conn.) 


One of the characteristic properties of the 
Shope papilloma which differentiates it from other 
tumors in premalignant phases of development is 
its ability to survive and grow on heterologous 
transfer (4). This property is present from incep- 
tion and appears to derive from the intracellular 
location of the virus and its necessarily con- 
comitant passage to the new host. The final de- 
velopmental stage of the papilloma is carcinoma, 
and at this stage the tumor is autonomous and no 
longer depends for its existence on the continued 
presence of the virus. The V-2 carcinoma repre- 
sents this stage of papilloma development (6-8), 
and a study of its transplantation reactions was 
undertaken to provide a basis for comparison with 
its precursor, the virus-dependent papilloma. 


MATERIALS AND METHODS 


The V-2 carcinoma was obtained as an intramuscular 
growth in a rabbit, through the courtesy of Dr. John Kidd. 
The tumor was transferred to the brains of other rabbits and 
carried by serial passage in this site. Brain transplants are 
solid, cellular, and free of the desmoplastic connective tissue 
and necrosis characteristic of growths in the muscle or testicle. 
The tumor tissue used for heterologous transfer was derived 
from fresh, growing brain transplants. 

The alien species tested included the rat, mouse, guinea 
pig, and hamster. The mice were DBA’s, bred from Bar Harbor 
stock, and the rats were of Sprague-Dawley strain. The 
hamsters were obtained from Tumblebrook Farm of Brant 
Lake, New York, and the guinea pigs from a local breeder. 
The animals were not selected for age or sex. 

The eye, brain, testicle, and subcutaneous space were 
used as sites for transplantation. Whole fragments of tissue 
rather than cellular suspensions were employed for transfer, 
and all transfers were made by means of a trocar. The special 
technics utilized in transplantation to the anterior chamber 
and brain have been described (2, 3). 


RESULTS 


The transplantability of the V-2 carcinoma was 
tested in the eye, brain, subcutaneous space, and 


* This investigation was supported in part by grants from 
the Jane Coffin Childs Memorial Fund for Medical Research; 
the National Cancer Institute, National Institutes of Health, 
Public Health Service; and the American Cancer Society 
upon recommendation of the Committee on Growth of the 
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testicle of guinea pigs and in the three latter sites 
in mice, hamsters, and rats. Transfer was success- 
fully effected in the guinea pig’s eye and in the 
brain of all four species, but takes in the sub- 
cutaneous space and testicle were obtained only in 
hamsters and mice. 

Guinea pigs.—Transfer to the guinea pig’s eye 
was successful in all the ten animals used. Growth 
was apparent by the 4th day, and the anterior 
chamber was filled with tumor by the 15th day. 
Thereafter, the transplant underwent rapid _re- 
gression, and no living tumor cells were found at 
the end of 3 weeks. Histologically, the growing 
tumor was made up of solid masses of epidermoid 
cells with little necrosis and no desmoplastic reac- 
tion (Fig. 1). 

Growth in the brain was obtained in 36 of the 
40 guinea pigs used, and the tumor has been car- 
ried in this site for seven consecutive passages. 
Growth is rapid, and the tumor attains a mass 
measuring 1 cm. in diameter during the 3d week. 
Neurological signs of increased intracranial pres- 
sure develop near the end of the 3d week, and their 
appearance is rapidly followed by death of the 
animal. 

The tumor mass is only a shade darker in color 
than the white matter of the brain, and its bound- 
aries are not readily distinguishable, but it 1s 
easily limited from the surrounding tissue by its 
increased firmness, and a comparatively clean dis- 
section is possible. The histological picture is 
similar to that found in tumor transplanted to the 
eye. Some tumors contain irregular zones of necro- 
sis or hemorrhage, but the majority consist almost 
exclusively of intact cells arranged in an epider- 
moid pattern and supplied with a scanty but well 
vascularized stroma (Figs. 2-4). The growths are 
less well defined than is suggested by gross exami- 
nation, and microscopic tongues of tumor tissue 
extend beyond the main mass into the adjacent 
brain. 

A series of twenty guinea pigs was used for 
subcutaneous transfer of the tumor and another 
series of twenty for testicular transfer. The ani- 
mals were held under observation for 2 months, 
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but in no instance was there gross or microscopic 
evidence of growth. 

Mice.—Transplantation of the V-2 carcinoma 
to the mouse brain is almost invariably successful, 
and takes have occurred in 90 per cent of the 140 
mice used. Serial transfer is readily effected and 
offers an economical means of carrying the tumor 
for stock purposes. As a rule the animals die or are 
discovered with neurological signs about the 20th 
day after transfer, and at autopsy the brains con- 
tain tumors replacing a quarter to a half of a 
cerebral hemisphere. Microscopically, such tu- 
mors show fewer degenerating cells than are char- 
acteristic of guinea pig growths, but they are 
otherwise identical (Figs. 5, 6). Occasionally, mice 
survive for a month or more, and in such instances 
large areas of the tumor are necrotic, but living 
cells persist in perivascular foci. 

Subcutaneous transfer is successful in approxi- 
mately 50 per cent of mice, and the source of the 
tumor, whether from the rabbit or mouse brain or 
subcutaneous space of another mouse, appears to 
be without influence in this respect. The growing 
transplant is usually palpable by the 10th day, but 
sometimes takes are not evident in less than a 
month. Subsequent growth is slow and progres- 
sive, and regression has not been observed, al- 
though tumor-bearing animals have been held for 
as long as 140 days. During this period the tumors 
continue to increase in size and in several instances 
have attained a bulk approximately one-half that 
of the host (Figs. 7, 8). On section, such tumors 
contain a large amount of necrotic material, but 
the peripheral zone is thick and fleshy and micro- 
scopically is made up of living tumor cells (Figs. 
9, 10). Neither lymphatic extension nor metastasis 
has been observed. 

Transplantation to the mouse testicle is gen- 
erally successful, but regression begins about the 
time the growing tumor becomes palpable, and 
histological section on the 10th day shows large 
areas of necrosis with only isolated marginal 
groups of living cells. 

Hamsters.—Transplantation to the hamster’s 
brain has resulted in takes in all but two of the 68 
animals used, and the tumor has been maintained 
by serial transfer for seven consecutive genera- 
tions. As in other species, the appearance of 
neurological signs is followed shortly by death of 
the animal near the end of the 3d week after 
transfer. At autopsy the tumors are larger in 
relation to brain size than those found in the 
guinea pig or mouse, and they are generally softer 
in consistency. Microscopically, they show no 
feature distinguishing them from analogous 
growths in other species (Figs. 11, 12). 


The incidence of takes in the subcutaneous 
space of the hamster is as high as that noted in the 
brain, and it seems probable that the few failures 
in either site arise from errors in transplantation 
technic. The growing tumor may attain a palpable 
size in 10 days, but not infrequently takes cannot 
be detected before the 3d or 4th week. A sudden 
regression of small tumors occasionally occurs, 
but as a rule growth continues, and the tumors 
reach a bulk comparable in relation to body size 
to those found in the mouse (Fig. 13). In contrast 
to the mouse transplants, however, all the large 
hamster tumors observed have begun to regress at 
about the 125th day, and in several instances have 
completely disappeared. Young tumors are medul- 
lary in character and consist of solid masses of 
epidermoid cells without necrosis or desmoplasia. 
In contrast, old tumors contain large amounts of 
necrotic material, but as late as the 120th day the 
bulk of the growth is made up of healthy-appear- 
ing intact cells (Fig. 14). Neither lymphatic ex- 
tension nor metastasis has been observed. 

Transfer to the hamster’s testicle results in a 
large percentage of takes, but growth of the 
transplant is associated with inflammatory reac- 
tion, and fibrosis and regression invariably occur 
before the 50th day (Fig. 15). 

Rat.—The results of transfer to the rat’s brain 
are not different from those obtained at the same 
site in other species. A large percentage of takes 
occur, and the growths reach sufficient size to kill 
the animals about the 20th day. Attempts to 
transfer to the subcutaneous space and testicle 
have not been successful. 


DISCUSSION 


The wide transplantability range of the V-2 
carcinoma simulates that of its precursor, the 
Shope papilloma. Like the V-2 tumor, the papil- 
loma grows on transfer to the brains of guinea 
pigs, hamsters, rats, and mice and to the sub- 
cutaneous space of hamsters and mice (4, 5). This 
is a unique situation among tumors, for in other 
instances transplantability during premalignant 
phases of development is sharply limited to ani- 
mals of a specific constitutional status; while, in 
the Shope papilloma, the conditioning factor is 
resident in the tumor cell rather than in the host 
and necessarily accompanies the tumor cell on 
transfer. The V-2 carcinoma represents a late 
developmental stage of the papilloma, charac- 
terized biologically by independence of the condi- 
tioning factor (6-8) and the ability to metastasize. 
Its heterologous transplantability is thus an ex- 
pression of its autonomy and is not, as in the case 
of the papilloma, dependent on the coincident 
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transfer of the virus. The parallel transplantability 
of the V-2 carcinoma and the Shope papilloma 
presents an unusual material for investigation, 
and, by virtue of the fact that both premalignant 
and malignant phases of the development of the 
same tumor can be studied simultaneously in the 
same host or in widely divergent species, provides 
an approach to a number of questions of concern 
to cancer research in general as well as to specific 
problems associated with the papilloma-carcinoma 
sequence. 

The ability of the V-2 carcinoma to grow on 
subcutaneous transfer to hamsters and mice with- 
out previous passage through the eye or brain of 
the alien species is shared by the Brown-Pearce 
carcinoma but is not a property of other tumors 
studied (1). The heterologous subcutaneous trans- 
fer of other tumors cannot be effected with tissue 
derived directly from the foreign species, although 
growth in the eye or brain is usual under such 
circumstances. In the present instance, however, 
the subcutaneous space proved as effective a nidus 
for growth of heterologous fragments as did the 
brain. This was particularly true in the hamster 
and reflects other experience with this species. 
Apparently, the hamster’s subcutaneous connec- 
tive tissue is unusually responsive to stroma- 
inducing stimuli and proliferates to provide a 


scaffolding and blood supply for transplants of 
tissue that, in other species, provoke no reaction 
or act as foreign bodies and elicit an inflammatory 
response. In any case, takes occur im a high 
percentage of cases, and the ensuing growths are 
progressive for long periods of time. 
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Fic. 1.—Transplant of V-2 carcinoma in anterior chamber 
of guinea pig’s eye. The animal was killed 2 weeks after trans- 


fer. <9. 


Fic. 2.—Guinea pig brain bearing transplant of V-2 
carcinoma 3 weeks after transfer. <9. 

Fic. 3.—Transplant of V-2 carcinoma in guinea pig’s 
brain 20 days after transfer. X 500. 

Fic. 4.—Edge of V-2 carcinoma growing in guinea pig’s 
brain. Note absence of a circumscribed boundary between 


tumor and brain. 500. 


Fic. 5.—Edge of V-2 carcinoma growing in mouse brain. 
Note circumscribed boundary. 500. 


Fic. 6.—Transplant of V-2 carcinoma in mouse brain 20 


days after transfer. 500. 
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Fic. 7.—Transplant of V-2 carcinoma in subcutaneous 
space of a DBA mouse 80 days after transfer. 


Fic. 8.—Transplant of V-2 carcinoma in subcutaneous 
space of a DBA mouse 140 days after transfer. 

Fic. 9.—Transplant of V-2 carcinoma in subcutaneous 
space of a mouse 75 days after transfer. 500. 

Fic. 10.—Transplant of V-2 carcinoma in subcutaneous 
space of a mouse 135 days after transfer. The cells are pale 
and vacuolated but are viable and survive serial transfer. X 500. 

Fic. 11.—Transplant of V-2 carcinoma in brain of a ham- 
ster 20 days after transfer. 9. 


Fic. 12.—Higher power view of tumor shown in Figure 11. 
500. 
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Fic. 13.—Transplant of V-2 carcinoma in subcutaneous 
space of a hamster 120 days after transfer. 


Fic. 14.—Section of transplant shown in Figure 13. 500. 


Fic. 15.—-Transplant of V-2 carcinoma in hamster’s testicle 
31 days after transfer. 500. 
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Book Reviews 


Atlas of Tumor Pathology. By 38 or more authors, in 24 
volumes (40 fascicles). Published under the Auspices 
of the Subcommittee on Oncology, Committee on 
Pathology, National Research Council, by The 
Armed Forces Institute of Pathology, American 
Registry of Pathology, 7th and Independence Ave- 
nue, Washington 25, D.C. 


A mere listing of the titles and authors of the eleven 
volumes (fourteen fascicles) already in print should be 
indication enough of the high quality of experience and 
scholarship collaborating to make this Atlas, and also of 
the sound scheme and large scope of its final whole. The 
“Introduction and Table Contents” (Section I. Fascicle 
1), by Batputn Luck®, succinctly describes the over-all 
plan: Sections dealing with tumors (I) of the Skin and 
Cutaneous Melanomas; (II) of the Musculo-skeletal 
System; (III) the Cardiovascular and Hematopoietic 
Systems; (IV) Oral Cavity, Upper Respiratory Tract, 
Neck and Ear; (V) Lower Respiratory Tract and Tho- 
racic Contents; (VI) and (VII) Digestive System; 
(VIII) Urogenital System and Adrenal; (IX) Female 
Generative System; (X) Intracranial Structures and 
Eye; and Section (XI) of Synonyms and Index. An ad- 
ditional section containing a fascicle on ‘““Transmissible 
and Transplantable Animal Tumors’ is to be inserted. 
The internal arrangement of all the individual fascicles 
consists of the same orderly design: name of tumor 
(with synonyms), definition, natural history, morphol- 
ogy, differential criteria, and pertinent bibliography; 
but each author is urged to “‘state what he believes to be 
the truth” as text to elucidate his own selected illustra- 
tions of the tumors of those organs about which his 
knowledge is preeminent. 


Tumors of the Peripheral Nervous System. Section II. 
Fascicle 6. By ARTHUR PuRDy Stout, Columbia. 
56 ills. Pp. 50. 60c. 


The versatility of the cells as compared to the 
relatively small number of these tumors, mentioned 
by the author in his “Introduction,” is effectively 
depicted. 


Teratomas. Section III. Fascicle 9. By Ruprrr A. 
Wiis, Leeds, England. 45 ills., 1 color plate. 
Pp. 58. 50c. 


An excellently compact and relevant account of a 
group of lesions that has always been a source of con- 
fusion. 


Tumors of the Parathyroid Glands. Section IV. 
Fascicle 15. By BENJAMIN CASTLEMAN, Harvard. 
53 ills., 3 color plates. Pp. 74. 65c. 


Another exemplification of the clarity of the facets 
that compose the Atlas’s compound view of the spe- 
cial pathology of neoplasia. 


Tumors of the Cartoid Body and Related Structures 
(Chemoreceptor System). Section IV. Fascicle 16. 
By Pure M. LeCompte, Harvard. 23 ills., 1 
color plate. Pp. 40. 45c. 
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This should be as valuable to surgeons as to 
pathologists, since the author stresses the application 
of his knowledge in this field to the clinical problems 
presented by the tumors of the carotid body. 


Tumors of the Lower Respiratory Tract. Section V. 
Fascicle 17. By Averitt A. Lizsow, Yale. 249 
ills., 3 color plates. Pp. 189. $1.25. 


Justifiably the longest fascicle, it therefore natu- 
rally contains more occasions for dispute, such as the 
retention of the term “adenoma of the bronchus” for 
tumors that metastasize. 


Tumors of the Mediastinum. Section V. Fascicle 18. 
By Hans GrorGE SCHLUMBERGER, Ohio State. 75 
ills., 1 color plate. Pp. 88. 75c. 


The illustrations are well balanced between x-ray 
and photomicrographs and pictures of gross speci- 
mens. The text is an equally well balanced survey of 
these heterogeneous lesions. 


Tumors of the Adrenal. Section VIII. Fascicle 29. By 
Howarp T. Karsner, U.S. Navy, Bethesda. 47 
ills., 5 color plates. Pp. 60. $1.00. 


Though brevity is seldom to be deplored, more 
upon this subject is to be desired. Perhaps advantage 
may be taken of the loose-leaf format to publish 
addenda by the same author. 


Tumors of the Breast. Section IX. Fascicle 34. By 
Frep W. Stewart, Cornell. 68 ills., 2 color plates. 
Pp. 114. $1.10. 


The text is readable and often pertinently witty: 
“The most frequent precancerous lesion of the breast 
is a cancer of the opposite breast.” The illustrations 
are particularly good. 


Tumors of the Central Nervous System. Section X. 
Fascicles 35 and 37. By James W. KERNOHAN and 
GrorcE P. Sayre, Mayo Clinic. 126 ills. Pp. 129. 
90c. 


An impressive piece of work (tumors of the pineal 
gland are included) that is a major contribution to 
our knowledge. 


Tumors of the Male Sex Organs. Section VIII. Fas- 
cicles 31b and 32. By Franx J. Drxon and Ros- 
ERT A. Moore, University of Pittsburgh and 
Washington University. 135 ills. Pp. 179. $1.50. 


Admirably thorough in text and illustrations, this 
fascicle maintains the high standard of the others. 


Tumors of the Thyroid Gland. Section IV. Fascicle 14. 
By WARREN and Wiuu1aM A. MEIssNEr, 
Harvard. 82 ills., 1 color plate. Pp. 96. $1.75. 


This is an excellent presentation of the neoplastic 
conditions of the thyroid by one who is deservedly 
judged to be an authority on the subject. It is clearly 
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written and holds the interest of the reader. The il- 
lustrations are exceptionally good. 


A critical review of the amount of work represented 
by the above list of titles is impossible in the space 
feasible. The reviewer’s purpose is frankly to acquaint 
readers with the existence and prospective growth of a 
publication that already reveals itself as specialized 
academic pathology at its best. Opportunities for dissent 
are of course given, for the vigor of the individual writ- 
ers’ opinions has wisely been encouraged. Undoubtedly, 
however, the Ailas is accomplishing its intent to stand- 
ardize the nomenclature of neoplasms and to organize, 
both pictorially and verbally, what is essential to the 
“definition and diagnosis” of neoplasms. The practi- 
tioner, the surgeon and the pathologist, and all students 
of cancer, will be grateful for it and, incidentally, for the 
benevolent subsidizing that permits its low price. The 
investigator, too, will find it a valuable source of refer- 
ence. 


Dave Rex ComMan 
Department of Pathology 


University of Pennsylvania 


Heredity in Uterine Cancer. By D. P. Murpuy. Cam- 
bridge: Harvard University Press, 1952. Pp. 128. 
$2.50. 


This small volume of the Commonwealth Fund series 
contains the results of a study on cancer in relatives of 
201 women with cancer of the uterus, as compared to 
215 control probands. The author concludes that heredi- 
tary factors affect the frequency of cancer of the uterus 
and obtains some indication that hereditary factors in- 
fluence the occurrence of cancer at other sites, although 
no conclusion as to whether all these factors are specific 
for sites other than uterus was possible. The bibliogra- 
phy is exceptionally abbreviated, contains few recent 
references, and no consideration of the results of animal 
experimentation is included. It is also unfortunate that 
the sources of material did not allow distinction between 
carcinoma of cervix and corpus uteri and between dif- 
ferent histological types of the malignancies studied. 
However it is apparent that a careful study has been 
made, and limitations are largely those of utilizing hu- 


man material. One is impressed with how well the data 


are organized, and the generous allocation of space to 
explanation of methods used is commendable. 


WALTER J. BURDETTE 
Department of Surgery | 
Louisiana State University 


Das Phasenkontrastverfahren in der Medizin. By H. G. 
Hansen, A. Romincer, and K. Micuet. In German. 
Gottingen: Vandenhoeck & Ruprecht Verlag. Pp. 92. 


The first part of this small manual on the physical 
aspects of phase-contrast microscopy introduces the 
reader to the theoretical side of this important tool for 
studying intracellular structures. This part is very 
clearly written. The practical side of this technic is dealt 
with in the second part. Here we find detailed instruc- 
tions as to how to employ phase contrast microscopy in 


different fields. 


Apart from a general introduction with respect to the 
preparation of objects to be studied, this part covers the 
use of phase contrast microscopy for the following fields, 
in particular: hematology, biopsy, normal and patho. 
logical histology, tumor cells in tissues and body fluids, 
uni- and multicellular organisms, normal and pathologi. 
cally altered body fluids, and excreta. _ 

This monograph contains numerous excellent photo. 
graphs and drawings and can be highly recommended to 
those who wish to familiarize themselves with this re- 
search tool. 


Hanns Scumirz 
McArdle Memorial Laboratory 


University of Wisconsin 


Tendances Actuelles des Recherches de Chimiothérapie des 
Etats Cancéreux. By R. Trunavut. Chapter in 
tualités Pharmacologiques” 5 éme série. In French, 
Paris: Masson et Cie, 1952. Pp. 58. 


This review of experimental cancer chemotherapy 
written in French appeared last year. As it was pub- 
lished in a volume that may not be generally available 
to investigators in this field, it seems desirable to call 
attention to the review. 

The compounds ordinarily considered in such reviews 
have been discussed competently under two categories: 
(1) those agents which modify the cellular environment 
and (2) those acting directly upon the cell—e.g., mitotic 
poisons, antimetabolites, and miscellaneous substances. 
The material covered is now at least a year out of date, 
but that is the fate of any review in a still rapidly grow- 
ing field. Despite this unavoidable defect the review is a 
useful presentation of the perspective of a European 
investigator and also has an excellent bibliography, 
which contains 319 specific references listed alphabeti- 
cally plus a list of 50 general references and reviews. 
Some of the references are ones not observed in other 
reviews on this subject either because of their temporal 
or spatial unavailability. 

Evidence for care in using some of the material in the 
review may be found in errors that happened to be 
noted—e.g., the formula of picropodophyllin, page 229, 
is incorrect even for what was considered to be the for- 
mula at the time the review was prepared; on page 231 
melamine has been misspelled; on page 247 reference is 
made to Sarcoma 180 in the rat rather than the mouse; 
and in the bibliography Hoster’s name has been mis- 
spelled. In spite of these minor errors the review should 
be quite useful to those interested in experimental can- 
cer chemotherapy. 

C. CHESTER STOCK 


Division of Experimental Chemotherapy 
Sloan-Kettering Institute for Cancer Research 


Voprosi Onkologii (Problems of Oncology). N. N. PETROV, 
A. I. Raxov, A. I. Szresrov, S. A. Knoxpi, and 
L. M. Swapap (eds.). In Russian. Moscow: Acad. 
Meditsinskikh Nauk SSSR, 1950. Pp. 536. Price: 
37 roubles, 80 kopeks. 


This is a publication of the proceedings of an All- 
Soviet Union Conference on Oncology, held in Lenin- 
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grad in January, 1947. It was attended by 1,220 individ- 
uals, of whom 915 were delegates. 

The conference was divided into two major sections, 
on Theoretical Oncology, or research, and on Clinical 
Oncology. The latter had three panels, on cancer of the 
esophagus and stomach, on cancer of the uterine cervix, 
and on other malignant tumors, including cancer of the 
rectum, thyroid, and lip. There were delivered 44 

rs. 

In general, the proceedings reflected much the same 
thinking and directions as would have been recorded in a 
similar conference in the United States. There was an 
absence of chauvinism, Western workers were well rec- 
ognized and referred to, and no political influences were 
obvious in the discussions. 

No particularly new departures in cancer research 
were presented. Somatic mutation, viruses, changes in 
protein synthesis, and the attempt to unite carcinogenic 
fractions isolated from livers of cancer patients with the 
milk factor in mice into a theory of endogenous produc- 
tion of carcinogens were discussed. There were no papers 
on genetics of cancer, either in man or in animals. Only 
two unusual papers appeared, reflecting investigations 


, that seem to be limited to the Soviet Union. One con- 


cerned the continued interest in the role of the reticulo- 
endothelial system in cancer, by R. E. Kavstsky et al. 
(pp. 85-91) of Kiev and the other by B.S. Pesochensky 
(pp. 501-506) on mitogenetic radiation, a phenomenon 
not generally accepted as existent. 

The reviewer was particularly interested in the fol- 


- lowing papers: L. M. Shabad and Z. V. Golbert (pp. 


130-139) reported on the multicentric origin of cancer of 
the mammary gland in women. Multiple primary foci of 
cancer were found in 32 of 440 cases; in 23 additional 
cases precancerous lesions were found. S. S. Weil (pp. 
140-155), in a paper on chronic nonspecific pneumonia 
and bronchogenic cancer, indicated that the continual 
rise in bronchogenic cancer was also seen in Russian 
statistics, at least in Moscow and in Leningrad; in 1944 
and 1945 it accounted for 12.4 and 10.9 per cent of all 
cancer deaths, being the second most frequent cause of 
cancer mortality. 

Several extensive surgical series were reported. A. G. 
Savinik (pp. 229-242) summarized data on 525 patients 
with cancer of the gastric cardia seen at the Tomsk 
Medical Institute between 1929 and 1946. Resection of 
the cardia, or total gastrectomy, was performed in 154 
cases, or 29.3 per cent; since 1931 the approach has been 
through a sagittal resection of the diaphragm. Patients 
who had symptoms of dysphagia for less than 5 months 
were usually resectable. Unfortunately, follow-up was 
available in only 37 resected patients, of whom 22 were 
well, seventeen for 3 years or longer and fourteen for 
5-9 years. In the discussion, V. V. Tatarsky (pp. 289— 
291) stated that of 2,542 patients with gastric cancer 
seen at the Leningrad Oncologic Institute between 1926 
and 1945, 888, or 34.9 per cent, were resectable. B. V. 
Petrovsky (pp. 272-279) of Moscow presented a paper 
on the transpleural resection of the esophagus and 
cardia, including 22 personal cases with four postopera- 
tive deaths. 

V. P. Michailov and A. A. Terechova (pp. 337-343) 


of Moscow presented data on the early and late results 
of 800 Wertheim operations for cancer of the uterine 
cervix. This included 113 cases in Stage I, 252 cases of 
Stage II, 385 cases of Stage III, and 150 cases of Stage 
IV. Primary operative mortality was 15.6 per cent. In 
443 operations from 1924 to 1942, 71 died postopera- 
tively, and 183 were lost to follow-up; 122 died of can- 
cer and 67 were known to be alive and well 5-9 years 
postoperatively. M. P. Domshlak (pp. 323-331) of Mos- 
cow wrote on the radiation therapy of cancer of the 
uterine cervix. He quoted that Soviet literature between 
1931 and 1940 indicated the following 5-year results: 
Stage I, 56.1 per cent; Stage IT, 31.5 per cent; Stage III, 
13.7 per cent; Stage IV, 0.5 per cent. This was compared 
to the League of Nations’ report of 1938, showing 57.2, 
37.6, 22.0, and 5.5 per cent, respectively. The results on 
396 cases seen at the Central Oncologic Institute, 1934— 
1938, with the cases being distributed by Stages from I 
to IV at 46, 164, 159, and 27 in number were: 76 living 
and well at 5-10 years; 129 living and well at 1-4 years; 
and 191 dead or lost to follow-up. 

S. A. Kholdin (pp. 423-439) of Leningrad discussed 
the operative treatment of cancer of the rectum; 925 
cases were seen at the Oncology Institute between 1927 
and 1941. The percentage of radically resectable cases 
had risen from 17.2 in 1927-31 to 27.7 in 1937-41. Post- 
operative deaths, on 353 cases from two institutions, 
were encountered in 18.1 per cent, with a drop from 23.9 
per cent before 1935 to 13.6 per cent during more recent 
years. The late results of the procedures were not pre- 
sented. 

It is the impression of the reviewer that the surgical 
papers displayed evidence of considerable technical abil- 
ity, as well as originality in extending operations for 
cancer of the esophagus, stomach, cervix, and rectum. 
Operative mortality was higher than reported from 
many clinical centers of the United States, but it was 
also apparent that the criteria for operability were less 
rigid. In contrast to the surgical papers, reports dealing 
with radiation treatment were mediocre, and there was 
little evidence of new technics or modern considerations 
of dosimetry; none of the presentations mentioned high 
voltage radiation. All clinical papers suffered from a high 
percentage of cases lost to follow-up, such loss being 
40-60 per cent in most series; in part this loss was 
undoubtedly accountable to the dislocations occasioned 
by the war. 

The conference had no specific papers on the organi- 
zation of the cancer research or the clinical programs in 
the Soviet Union and concluded with a very general 
statement and a complete list of the delegates. The re- 
marks suggested that oncology is considerably more ac- 
cepted as a specialty in the Soviet Union than it is in the 
United States, and that a real attempt was being made 
to correlate more closely the clinical and the laboratory 
endeavors in the field. In all, the volume is a contribu- 
tion to oncologic literature and contains a number of 
papers that would be of interest to specialists in specific 
fields. 

B. SHIMKIN 
Laboratory of Experimental Oncology 


San Francisco, California 
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Announcements 


CorRRIGENDUM 


The following corrections should be made in the ab- Histological evaluation of the liver changes were hb 
stract by R. Schoental (““Primary Liver Tumors in Rats Drs. P. R. Peacock and M. A. Head. The South African 
as a Result of Feeding of Senecio Alkaloids’) in the Senecio alkaloids which produced liver tumors were a 
Proc. Am. Assoc. Cancer Research, 1:47, 1953. gift from Prof. F. L. Warren, University of Natal, 

This work came from the Cancer Research Dept., Pietermaritzburg. 

Royal Beatson Memorial Hospital, Glasgow, Scotland. 
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